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P  R  O  L  O  G  O 


La  present©  pubiicacidn  contiene  los  trabajos  que  fueron  presentados  en  la 
Primera  Conferencia  de  Expertos  Latinoamericanos  en  Metalurgia  de  Transforma 
cidn,  realizada  en  Buenos  Aires  entre  el  18  y  el  23  de  agosto  de  1964.  Organiza- 
da  por  el  Departamento  de  Metalurgia  de  la  Comisidn  Nacional  de  Energfa  Atdmi- 
ca  de  la  Repdblica  Argentina  con  la  co labor aci6n  del  Departamento  de  Asuntos 
Cientfficos  de  la  Organizacidn  de  los  Estados  Americanos,  el  Instituto  Nacional 
de  Tecnologfa  Industrial  (INTI)  y  la  U.S.  Air  Force  Office  of  Scientific  Research, 
tuvo  por  objetivo  fundamental  analizar  posibilidades  de  cooperacidn  en  investiga- 
ci6n  metaldrgica  -entre  distintas  instituciones  latinoamericanas-  en  funcidn  de 
una  estrategia  elaborada  a  partir  del  an&lisis  del  estado  actual  de  la  Metalurgia 
de  Transformacidn  en  los  pafses  mSs  avanzados,  de  los  programas  en  desarroilo 
en  Latino  amdric  a  y  de  las  necesidades  propias  de  cada  instituto.  Con  tal  objeto, 
la  Conferencia  cubrid  los  siguientes  temas: 

a)  Expos  icidn  y  an&lisis  de  los  programas  actualmente  en  desarroilo  en  los 
diversos  institutes  latinoamericanos,  en  el  campo  de  la  Metalurgia  de 

T  ransf  ormacidn . 

b)  Exposici6ny  andlisis  del  estado  actual  de  ciertas  dreas  crfticas  de  ia 
Metalurgia  de  Transformacidn  en  los  pafses  mfis  avanzados. 

c)  Posibilidades  de  una  estrategia  comdn  entre  los  diversos  institutes  latino¬ 
americanos  para  la  investigacidn  en  ciertas  5.  re  as  crfticas  de  la  Metalurgia 
de  Transformacidn.  Medios  de  llevarla  a  cabo. 

d)  Mecanismos  de  cooperacidn  entre  los  diversos  institutes  latinoamericanos 
que  aettian  en  Metalurgia  de  Transformacidn. 

En  consecuencia,  los  trabajos  de  esta  pubiicacidn  pueden  clasificarse  en: 

1.  Informes  sobre  las  actividades  actualmente  en  desarroilo  en  los  institutes 
latinoamericanos. 

2.  Informes  sobre  el  estado  actual  de  diversas  dreas  de  la  Metalurgia  de  Trans 
formacidn. 


3.  Infornxes  sobre  investigaciones  originates  realizadas  en  institutes  latino¬ 
americanos. 
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FOREWORD 


This  volume  contains  all  the  works  presented  at  the  First  Latin  American 
Conference  on  Process  Metallurgy  and  Metal  Working,  held  in  Buenos  Aires, 
during  August  18-23,  1964.  It  was  organized  by  the  Department  of  Metallurgy  of 
the  Argentine  Atomic  Energy  Commission,  with  the  co-sponsorship  of  the  Depart¬ 
ment  of  Scientific  Affairs  of  the  Organization  of  American  States,  the  Instituto 
Nacional  de  Tecnologfa  Industrial  (INTI)  (Argentina),  and  the  United  States  Air 
Force  Office  of  Scientific  Research,  being  its  aim  to  analyze  the  possibility  of 
co-operation  in  the  field  of  metallurgy  research  -among  Latin  American  Institu¬ 
tions-  in  order  to  develop  a  strategy  elaborated  from  the  study  of  the  present 
state  of  Process  Metallurgy  in  developed  countries,  the  programs  being  hald:in 
Latin  America  and  the  Institutions*  own  needs.  With  this  purpose  the  Conference 
included  the  following  subjects: 

a)  Information  and  analysis  of  programs  presently  being  developed  in  Latin 
American  Institutions  in  the  field  of  Process  Metallurgy  and  Metal  Work¬ 
ing. 

b)  Information  and  analysis  on  the  present  state  of  some  critical  areas  of 
Process  Metallurgy  and  Metal  Working  in  developed  countries. 

c)  Possibilities  of  a  common  strategy  among  Latin  American  Institutions  to 
make  research  in  some  critical  areas  of  Process  Metallurgy.  Means  to 
achieve  this  aim. 

d)  Co-operation  mechanisms  among  Latin  American  Institutions  presently 
making  research  in  the  field  of  Process  Metallurgy. 

Therefore,  the  works  published  in  this  volume  can  be  classified  as: 

1.  .  Reports  about  the  activities  presently  being  developed  in  Latin  American 

Institutions. 

2.  Reports  about  the  present  state  of  different  areas  of  Process  Metallurgy 
and  Metal  Working. 


3.  Reports  about  original  research  made  in  Latin  American  Institutions. 
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DISCURSO  PRONUNOIADO  PQR  El,  SEftOR  PRESIDENTE  DE 
LA  COM1SION  NACIONAL  DE  ENERGIA  ATOMICA. 

CONTRA  A  LMIRANTE  OSCAR  QUMILLALT.  EN  EL  ACTO  INAUGURAL 
DE  LA  CONFERENCE  DE  EXPERTOS  LATINOAMERICANOS 
EN  METALURGIA  DE  TRANSFORMACION 


Senot'es: 


Me  es  particularmente  grato  dar  a  tod  os  ustedes  la  mis  cordial  bienvenida 
a  esta  casa,  que  se  honra  con  vuestra  presencia. 

En  especial  quiero  destacar  y  agradecer  la  coneurrencia  de  los  seilores 
Delegados  Extranjeros  y  desearles,  en  nombre  de  la  Institueidn  que  presido  e  in-  * 

terpretando  el  sentimiento  nacional,  la  mis  grata  estada  entre  nosotros. 

Esta  Conferencia,  que  se  inicia  bajo  los  mejores  auspicios,  es  una  expre- 
sidn  mis  de  la  permanente  preocupaciOn  de  la  Comisidn  Nacional  de  Energfa  At6- 
mica  de  la  Argentina,  por  los  problemas  de  la  investigacifln  metaldrgica  tan  Ihti- 
mamente  ligados  a  la  producciin  y  utilizacidn  de  la  Energfh  Atflmica»al  desarrollo 
de  la  industria  moderna  y  a  la  economfe  de  los  pafses  en  desarrollo. 

La  Conferencia  de  Expertos  Latinoamericanos  en  Metalurgia  de  Transfor- 
maciin  que  comienza  hoy  sus  tareas,  constituiri  sin  duda,  por  el  concurso  de  tan 
eminentes  especialistas  extranjeros  y  argentinos  como  los  aci  reunidos,  y  por  la 
trascendencia  de  los  temas  a  debatir,  una  ccntribucidn  importante  para  el  progre 
so  de  esta  moderna  ciencia. 

Y  pienso  que,  aparte  de  los  adelantos  que  dejara  en  el  terreno  especffico  de 
la  tecnologfh  metaldrgica,  serviri  para  afianzar  y  proyectar  hacia  el  futuro  los  be- 
neficios  de  una  mayor  comprensifln  y  de  una  mis  ihtima  comunicacidn  entre  los  horn 
bres  que  tienen  la  alta  responsabilidad  de  orientar  la  marcha  de  esta  nueva  y  apasio 
nante  rama  del  saber  humano. 

Tal  resuliado  es  el  mejor  halago  a  que  Argentina,  como  sede  de  la  Conie- 
rencia,  y  la  Comisibn  Nacional  de  Energfa  Atflmica,  como  organizadora,  pueden 

aspirar.  ^ 

Deseo  muy  especialmente  dejar  expresado  nuestro  agradecimiento  a  las  1 

instituciones  co-patrocinantes:  La  Organizacidn  de  Estados  Americanos,  la  Ofi- 
cina  de  Investigacidn  Cientffica  de  la  Fuerza  Airea  de  los  Estados  Unidos  de  Ami 
rica,  la  Ford  Foundation  y  ei  Im.*ituto  Nacional  de  Tecnologfa  Industrial  de  nues¬ 
tro  pal's,  quienes  mediante  su  cooperacidn,  han  hecho  posible  esta  reunifin. 


Senores:  formulo  mis  mejores  votos  por  el  ixitode  vuestras  deliberaciunes. 
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DISCURSO  PRONUNCIADO  POR  EL  SEftOR  GEPENTE  DE  TECNOLOGIA 
DE  LA  COM1SION  NACIONAL  DE  ENERGIA  ATOMICA.  PROF.  JORGE  SABATC. 
EN  EL  ACTO  INAUGURAL  DE  LA  CONFERENCE  DE 
EXPERTOS  LATINGAMERICANOS  EN  METALURGIA  DE  TRANSFORMA  CION 


Sefloras  y  Sefiores: 


En  enero  de  1963  se  efectud  en  Bogota  (Colombia)  la  Primera  Reunion  de 
Expertos  Latinoaroericanos  en  InvestigaciOn  Teenoldgica.  Convocada  por  la  Orga 
nizaciOn  de  Estados  Americanos  a  travds  de  su  Unidad  de  Teenologld  y  Productivi 
dad  y  con  la  direcciOn  entusiasta  y  eficiente  del  Dr.  Mdximo  Hally  Carrere,  esa 
reunion  se  propusoj 

1.  Ampliar  el  conocimiento  mutuo  sobre  los  trabajos  de  investigacidn 
de  las  instituciones  representadas  y  apreciar  lag  caracterfsticas  y 
volumen  de  sus  actividades; 

2.  Encontrar  los  medios  para  que  a  travds  de  una  amplia  cooperacidn 
se  implemente  y  haga  mds  efectiva  la  capacidad  de  investigacidn 
tecnoldgica  en  Amdrica  Latina; 

3.  Revisar  las  diversas  dreas  de  investigacidn  en  tdrminos  del  des- 
arrollo  econdmico  y  social  de  los  pafoes  latinoamericanos; 

4.  Estudiar  las  relaciones  existentes  con  las  instituciones  internacio- 
nales  de  asistencia  tdcnica  y  proponer  mecanismos  mds  dgiles  de 
cooperacidn; 

5.  Considerar  las  posibilidades  de  establecer  sistemas  prdcticos  de 
complementacidn  entre  instituciones  de  intercambio  de  investiga- 
dores  y  en  general  de  cualquier  otro  medio  que  pudiera  rexorzar  la 
operacidn  y  alcance  de  sus  objetivos. 

La  Conferencia  que  hoy  inauguramos  es  consecuencia  directa  de  la  Reunidn 
de  Bogotd.  Eiiefectoien  dllase  resolvid  que  era  eonveniente  la  realizacidn  de  confe 
rencias  regionales  para  el  andlisis  de  dreas  definidas:  TecnologJa  de  Alimentos, 
Materiales  de  Construccidn,  Maderas,  Metalurgia  Extractiva,  Metalurgia  de  Tran£ 
formacidn,  etc.  El  Departamento  de  Metalurgia  de  la  ComisiOn  Nacional  de  Ener- 
gid  Atdmica  t'ud  designado  coordinador  para  la  organizaciOn  de  la  conferencia  co~ 
rrespaidiente  al  drea  Metalurgia  de  TransformaciOn.  Estamos  pues,  ahora,  dando 
cumplimiento  a  esa  resoluciOn  de  Bogotd.  Y  naturalmente  esta  Conferencia  respon 
de  a  las  mismas  inquietudes  de  aquella  y  se  propone  identicos  objetivos,  pero  ahora 
en  relacidn  directa  con  un  campo  especffico*. 
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' .  Conocernos  mejor  y  definir  con  precision  el  punto  de  partida: 

Elio  se  lograrl  a  travds  de  una  exposieibn  y  anllisis  de  los  progra- 
mas  actualmente  en  desarrollo  en  los  divers  os  institutos  latinoamericanos 
que  operan  en  el  campo  de  la  metalurgia  de  transformacibn; 

2.  Eyaluar  nuestras  posibilidades  de  investigacibn  original  en  rela- 
ci6n  con  los  niveles  mis  avanzados  de  la  disciplina; 

Elio  se  lograrl  a  travds  del  anllisis  de  los  informes  especiales  que, 
sobre  el  estado  actual  de  ciertas  Ireas  crfticas  de  la  Metalurgia  de  Trans - 
formacibn,  presentarln  nuestros  oolegas  de  Estados  Unidos; 

3.  Eyaluar  las  posibilidades  de  establecer  prioridades  en  funcibn  de 
las  necesidades  y  posibilidades  nacionalesi 

Elio  se  lograrl  mediante  el  and li sis  del  impacto  de  la  investigacibn 
metaldrgica  en  la  economfa  de  los  pafses  en  desarrollo; 

4.  Establecer  mecanismos  de  accibn; 

Elio  se  lograrl  mediante  el  estudio  de  los  medios  para  establecer  e 
implementar  la  cooperaeibn  y  colaboracibn  latinoamericana  en  Metalurgia 
de  Transformacibn. 

Pero  si  bien  es  cierto  que,  pragmlticamente,  esta  Conferencia  es  conse- 
euencia  directa  de  aquella  reunibn  de  Bogotl,  filosbficamente  es  otra  expresibn  mis 
del  auevo  espfritu  latinoamericsno.  de  esta  voeacibn  de  integracibn  regional  que  tie- 
ne  su  manifestacibn  mis  concrsta  en  el  ALALC.  La  Metalurgia  de  Transformacibn 
ofrece  un  magnffico  campo  de  accibn  para  rraducir  en  forma  concreta  esa  elevada 
v-x^aojAn,  Per  una  parte,  porque  la  necesidad  de  establecer  y  desarrollar  la  indus 
tr  ia  me  :ln.ico-metaldrgioa  es  una  de  las  preocupaciones  cardinales  de  todo  plan  de 
desarrollo  nacional  o  regional:  los  fhdices  que  miden  el  estado  de  la  industria  me- 
de  un  pafs  son  los  mejores  indicadores  de  su  grado  de  desarrollo  integral. 
Pn-  otra  parte,  porque  la  Metalurgia  de  Transformacibn  como  disciplina  cientffico- 
t.eonolbgica  estl  en  profunda  revolucibn:  gracias  a  la  investigacibn,  nuestro  conoci- 
miemo  de  ios  metales  adn  de  los  mis  domdsticos  como  el  hierro,  el  cobre  y  to  zinc, 
ha  aomeotado  mis  en  los  tilumos  20  anos  que  en  el  resto  de  la  historia  de  la  humani- 
fiad;  ese  nuevo  conocimiento  se  traduce  ya  en  nuevas  tecnologfes.  Nuestros  pafses 
iienen  entonces  la  chance  no  sdlo  de  incorporar  esas  nuevas  teenologfas  sino,  a  tra 
v6s  de  la  investigacibn  original,  de  ciear  otras  ailn  mis  modernas  y  eficientes. 
Porque  este  es  un  proceso  dinlmico  en  el  que  reeidn  se  comienzan  a  recorrer  las 
oHmeras  etapas  y  que  ofrece  entonces,  para  quienes  tengan  la  vocacibn  de  grande 
7,  i,  la  her  mosa  oportunidad  de  ser  actores  del  mismo,  y  no  meros  espectadores. 
f>.  ahf  entonces  la  urgencia  de  querer  establecer  una  estrategia  y  disenar  los  me 
canismos  de  su  implementacibn. 
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Nuestros  objetivos  son,  sin  duda,  ambiciosos,  pero  en  el  drama  de  los 
parses  perifdricos  no  cabe  otra  actitud,  como  se  demostrara  acabadamente  en  la 
reciente  ...  ferencia  econdmica  de  Ginebra,  donde  la  declaracidn  latinoamerica- 
na  de  Alta  Gracia  fud  la  verdadera  gulb.  ideoldgica  de  un  mundo  que  quiere  ternu 
nar  para  siempre  con  la  miseria,  la  ignorancia,  la  opresidn. 

Y  conquistaremos  tan  ambiciosoR  objetivos  en  la  medida  que  tengamos 
clara  conciencia  de  que  disponemos  del  arma  fundamental.  En  las  palabras  de 
nuestro  Martlii  Fierro: 


Para  veneer  un  peligro, 

Salvar  de  cualquier  abismo, 

Por  experiencia  lo  afirmo: 

Mis  que  el  sable  y  que  la  lanza, 

Suele  servir  la  confianza 

Que  el  hombre  tiene  en  sf  mismo. 
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PROGRAMA  TECNICO  -  TECHNICAL  PAPERS 


I. 

E.R.  PARKER 

(University  of  California,  USA) 

"Desarrollos  Recientes  en  Materiales  y  Procesos" 

Los  procesos  tratados  en  este  trabajo  son  fundicidn  y  union  por  soldadura 
o  adhesivos.  Los  mdtodos  nuevos  de  soldadura  discutidos  son  por  haz  electronic o, 
por  friccidn,  por  ultrasonido,  por  explosivos  y  por  LASER. 

El  creciente  use  de  resinas  en  uniones  metdlicas,  especial mente  resinas 
epoxflicas,  sue  ventajas  y  limitaciones  es  discutido  a  continuaciOn.  Se  hace  notar 
la  falta  de  desarrollos  importantes  en  los  procesos  de  fundicifln,  hacidndose  una 
descripcidn  somera  del  uso  combinado  de  fundicidn  y  f orjado  y  de  la  adicidn  do 
ferrosilicio  a  los  xnoldes  para  hierro  .iiodular  para  aumentar  la  grafitizacidn  en 
secciones  delgadas.  En  lo  concerniente  a  nuevos  materiales  el  Onfasis  fu6  puesto 
en  aceros  e3tructurales  de  alta  resistencia,  en  aceros  tipo  "ausforming"  y 
"maraging",  en  aleaciones  de  titanio  de  alta  resistencia,  en  estructuras  compues 
tas  de  vidrio  y  resina  y  en  vidrios  tratados  qufmica  y  tSrmicamente. 


I. 

E.R.  PARKER 

(UniverBiiy.  af  California ,  JJRA)e  . 

"Some  Recent  Developments  m  Engineering  Materials  and  Processes" 

The  processes  covered  in  this  paper  are  casting  and  joining  by  welding  and 
by  adhesives.  The  new  welding  methods  discussed  are  electron  beam,  friction, 
ultrasonic,  explosive  and  laser  welding. 

The  increasing  use  of  resins,  specially  epoxy  resins,  and  their  advantages 
and  limitations  is  discussed  next.  The  lack  of  important  developments  in  the  field 
of  casting  processes  is  pointed  out  while  a  brief  mention  is  made  of  the  combined 
use  of  casting  and  die  forging  and  of  the  addition  of  powdered  ferrosilicon  to  molds 
for  nodular  cast  iron  to  increase  graphitization  in  thin  sections.  In  the  area  of 
new  materials  the  atention  was  focused  on  high  strength  structural  steels,  ausform- 
ing  and  maraging  steels,  high  strength  titanium  alloys,  composite  glass-resin 
structures  and  chemically  and  thermally  treated  glasses. 


D-2 


II. 

ALFONSO  GAGGERO  y  BLAS  MELISSARI 
(Universidad  del  Uruguay) 

"Desarrollo  y  Plan  de  Actividades  del  Laboratorio  de  Fundicidn  del 
Institute)  de  Tecnologfla  y  Qufmica  de  la  Faoultad  de  Ingenierfla.  y  Agri- 
mensura  de  la  Universidad  de  la  Repdblica  Oriental  del  Uruguay”. 

En  primer  lugar  se  analiza  el  estado  de  la  industria  de  fundicidn  en  el  Uru 
guay.  Se  concluye  que  la  falta  de  asistencia  tdcnica  adecuada  crea  muchos  incon- 
venientes  que  se  podrfan  evitar  centralizando  todos  los  esfuerzos  en  el  Laboratorio 
de  Fundieidn.  El  gobierno  de  la  Alemania  Federal  ha  ayudado  a  desarrollar  dichos 
laboratories  proporcionando  equipos  y  expertos.  Las  actividades  presentes  estdn 
dedicadas  al  control  de  calidad  de  arenhs-  de  moldeo,  a  adaptar  nuevos  mdtodos  a 
las  condiciones  locales,  a  entrenamiento  de  personal,  etc. 


II. 

ALFONSO  GAGGERO  and  BLAS  MELISSARI 
(School  of  Engineering,  University  of  Uruguay) 

’'Development  and  Plan  of  Activities  of  the  Casting  Laboratory  at  the 
Metals  Department  of  the  Chemistry  and  Technology  Institute  of  the 
School  of  Engineering  of  the  University  of  Uruguay”. 

The  present  status  of  the  casting  industries  in  Uruguay  are  analyzed  first. 
It  is  concluded  that  the  lack  of  adequate  technical  assistance  creates  many  incon- 
venients  which  could  be  avoided  by  centralizing  all  efforts  at  the  Casting  Labor¬ 
atories.  The  German  Government  has  helped  to  developed  those  Laboratories  by 
furnishing  equipment  and  experts.  Present  activities  are  now  carried  out  in  the 
fields  of  molding  sands  quality  control,  adapting  new  methods  to  local  conditions 
training  of  personnel,  etc. 


**** 


III. 

LUI*  CORREA  DA  SILVA 
(I.  P.  T. ,  San  Pablo,  Brasil) 

”E1  Instituto  de  Investigaciones  Tecnoldgicas  de  San  Pablo  y  sus  Contri- 
buciones  al  Desarrollo  de  la  Metaldrgia  en  el  Brasil". 

Este  trabajo  describe,  y  justifica,  los  mdtodos  de  accidn,  los  recursos 
empleados  y  las  actividades  pasadas  del  I.  P.  T.  de  San  Pablo,  Brasil,  y  especial 
mente  su  Division  de  Metalurgia,  en  su  caracter  de  institucidn  mantenida  por  el 
Estado  de  San  Pablo  para  promover  y  asistir  tdcnicamente  la  industria  brasilera. 
Analiza  el  tipo  de  ayuda  que  el  I.  P.  T.  presta  y  seguira  prestando  a  diferentes  gru 
pos  industriales  por  medio  de  ensayos,  andlisis,  estudios  especiales,  investigacidn, 


\ 
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asistencia  tdcnica,  produccidn  piloto.  distribucidn  de  informacidn.  ensehanza.  etc. 
Finalmente  se  discute  el  papel  que  instituciones  de  este  tipo  pueden  jugar  en  pp.fses 
en  vfa  de  desarrollo. 


HI. 

LUIZ  CORHEA  DA  SILVA 

(Technological  Research  Institute,  I.  P.  T. ,  Brazil) 

’’The  Technological  Research  Institute  of  Sao  Paulo  and  its  Contributions 
to  the  Development  of  Metallurgy  in  Brazil”. 

This  paper  describes,  and  justifies,  the  methods  of  action,  the  resources 
employed  and  the  past  activities  of  the  IPT  of  Sao  Paulo,  Brazil,  and  specially  its 
Division  of  Metallurgy,  as  an  institution  supported  by  the  State  of  Sao  Paulo  to 
promote  and  assist  technically  the  Brazilian  Industry.  It  analyzes  the  kind  of  help 
that  the  IPT  lends  and  will  lend  to  the  different  groups  of  industries  through  testing, 
analyses,  special  studies,  research,  technical  assistance,  pilot  plant  production, 
dissemination  of  information,  teaching,  etc.  Finally  the  role  of  institutes  of  this 
kind  in  developing  countries  is  discussed. 

**** 


IV. 

JORGE  A.  SABATO 

(Departamento  de  Metalurgia,  CNEA,  Argentina) 

’’Plan  de  Actividades  del  Departamento  de  Metalurgia  de  la  Co  mi  ;i6n 
Nacional  de  Energfe  Atdmica,  Argentina” 

Los  laboratories  del  Departamento  de  Metalurgia  tienen  tres  funciones  que 
cumplir:  asistir  a  la  CNEA  en  todos  los  problemas  metaldrgicos  relaeionados  con 
los  proyectos  at 6m ic os  de  la  Repdblica  Argentina,  Uevar  a  cabo  inv  gaciones  pu 
ras  y  aplicadas  en  metalurgia  nuclear,  con  algunos  esfuerzos  dedicados  a  metaluiv 
gia  general  ffsica,  mecdnica,  qufmica,  de  proceso,  etc. ,  y  ayudar  a  la  industria  me 
taldrgica  del  pafs  a  solucionar  sus  problemas.  Estas  funciones  se  cumplen  por  me¬ 
dio  de  Laboratories,  plantas  pilotos  y  bibliotecas  muy  bien  equipados,  dictando  cur- 
sos  en  todos  los  niveles  -de  tdcnico  a  post-doctoral-,  y  a  travds  del  SATI  que  se  des 
cribe  en  el  prdximo  trabajo. 


IV. 

JORGE  A.  SABATO 

(Department  of  Metallurgy,  CNEA,  Argentina) 

’’Plan  of  Activities  of  the  Department  of  Metallurgy  of  the  CNEA” 


The  laboratories  of  the  Department  of  Metallurgy  have  three  main  functions 
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to  fulfill:  to  assist  the  CNEA  in  all  metallurgical  problems  related  to  the  atomic 
projects  of  the  Country,  to  do  pure  and  applied  research  in  nuclear  metallurgy 
-with  some  efforts  devoted  to  general  physical,  chemical,  mechanical  and  process 
metallurgy-  and  to  assist  the  Argentine  Metallurgical  industry,  in  the  solution  of 
their  problems.  This  is  accomplished  by  means  of  well  equipped  laboratories, 
pilot  plants  and  libraries,  by  offering  courses  at  all  levels  -technicians  to  post¬ 
doctoral-  and  through  the  SATI  (discussed  in  the  next  paper).  • 

**** 


* 


V. 

OSCAR  WORT  MAN 

(Departamento  de  Metalurgia,  CNEA,  Argentina) 

"Plan  de  Actividades  del  Sery.iicio  de  Asistencia  Tdcnica  a  la  Industria 
Metaldrgica" 

El  SATI  fud  creado  por  un  acuerdo  entre  la  CNEA  y  la  Asr>ciaci6n  de  In¬ 
dustrials  Metaldrgicos  para  actuar  como  vfhculo  entre  el  Departamento  de  Meta 
lurgia  y  la  industria  metaldrgica.  Debe  cumplir  dos  propdsitos:  dar  a  los  cientf 
fieos  e  ingenieros  de.  Departamento  una  oportunidad  para  enterarse  de  las  posibi_ 
lidades  y  necesidades  de  la  industria  y  para  que  6sta  tenga  la  oportunidad  de  bus- 
car  las  soluciones  mas  modernas  a  sus  problemas  tecnicos. 

Los  servicios  ofrecidus  por  el  SATI  van  desde  simples  investigaciones  bj. 
bliograficas  hasta  programas  de  largo  alcance  para  el  desarrollo  de  materiales  o 
procesos.  Aquellos  problemas  que  pueden  ser  resueltos  por  ensayos  rutinarios 
en  otros  laboratories  del  pais  no  son  aceptados.  Se  fija  un  arancel  de  acuerdo  a 
servicios  prestados. 


V. 

OSCAR  WORTMAN 

(Department  at  Metallurgy,  CNEa,  Argentina) 

"Plan  of  Activities  of  the  Service  of  Technical  Assistance  to  Industry 
(SATI)" 

The  SATI  was  created  by  agreement  between  the  CNEA  and  the  Metallurgical 
Industries  Association  to  act  as  a  link  between  the  Department  of  Metallurgy  and  the 
me ta’  urgical  industries.  It  must  serve  two  purposes:  to  give  the  scientists  and 
-ng  n-rs  of  the  laboratories  an  opportunity  to  acquaint  themselves  with  the  pos¬ 
sibilities  and  needs  of  the  industry,  and  to  give  the  latter  an  opportunity  to  search 
for  up  to  date  solutions  to  its  technical  problems. 

**** 
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VI. 

DAVID  FULLER 
(Universidad  CatOlica  de  Chile) 

’’Breve  Resefta  de  la  Investigacion  Metaltlrgica  en  Chile” 

La  investigacidn  metaltlrgica  en  Chile  se  lleva  a  cabo  exclusivamente  en  las 
universidades;  especialmente  en  las  de  Concepcidn,  la  de  Chile  y  la  Catdlica.  Los 
temas  sobre  los  que  la  mayor  parte  de  las  investigaciones  se  realizan  son:  arenas 
de  moldeo,  fundicion  con  cubilote,  soidadura  de  aceros  estructurales,  recuperacidn 
de  hierro  de  los  sulfur  os  de  hierro  (un  abundante  desperdicio  de  la  industria  proce- 
sadora  de  cobre)y  ffsica  de  los  metales. 


VI. 

DAVID  FULLER 
(Catholic  University  ot  Chile) 

”A  Review  of  the  Metallurgical  Research  Activities  in  Chile” 

The  metallurgical  research  in  Chile  is  done  exclusively  ’  j  Universities, 
specially  the  University  of  ConcepciOn,  the  Catholic  University  of  Chile  and  the 
University  of  Chile  (the  last  two  in  Santiago).  The  areas  where  most  of  the  research 
is  being  done  are:  molding  sands  and  metal  physics,  cupola  iron  casting,  structural 
steel  welding,  and  iron  recovery  from  iron  sulphides  (an  abundant  waste  product 
from  the  copper  processing  industries). 

**** 


vn. 

H.  PAXTON 

(Carnegie  Institute  of  Technology,  USA) 

’’Algunos  Comentarios  sobre  la  Metalurgia  Ffsica  del  Hierro  y  del  Acero” 

En  primer  lugar  se  hace  un  resumen  de  la  termodindmica  de  los  sistemas 
basados  en  el  hierro  ya  que,  aunque  la  mayoria  de  las  estructuras  con  propieda- 
des  de  interds  estdn  marcadamente  fuera  de  equilibrio,  es  necesario  conocer  las 
situaeiones  de  equilibrio  para  entender  mejor  aquellas  que  no  io  son.  En  lo  posj_ 
ble  se  ha  empleado  un  mdtodo  atomfstico.  Este  resumen  es  seguido  de  un  estudio 
de  la  cindtica  de  crecimiento  -controlada  por  nucleaciOn  y  difusidn-  de  fases  que 
impliquen  la  formaciOn  y  transfomacidn  de  austenita  en  aceros.  A  continuacidn 
se  analizan  las  tres  fases  principales  en  aceros*.  austenita,  ferrita  y  martensita; 
se  dan  ejemplos  ilustrativos  de  alguqas  de  sus  propiedades.  Los  agregados  de  fa 
ses  tales  como  perlita  y  bainita,  y  los  productos  de  la  descomposicidn  eutdetoidea 
han  sido  dejados  de  lado  no  porque  su  importancia  sea  poca,  sino  para  mantener 
la  presentacidn  dentro  de  una  longitud  razonable.  Finalmente  se  hacen  sugeren- 
cias  sobre  posibles  temas  de  investigacidn. 
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H.  PAXTON 

T%\r>4-%4^i4-n  'Pa /»Viv»  /\1  n TTO  A  \ 

^ui  n\>gio  oi  ic^imuiu^y }  utjrx/ 

"Some  Remarks  on  the  Physical  Metallurgy  of  Iron  and  Steel" 

First,  a  review  of  the  thermodynamics  of  iron-base  systems  is  presented 
since,  although  most  structures  with  desirable  properties  are  very  markedly  not 
in  equilibrium,  the  equilibrium  situations  involved  must  be  known  in  order  to  have 
confidence  in  the  previous  knowledge.  To  the  extent  possible,  an  atomistic  ap¬ 
proach  has  been  utilized.  This  review  is  followed  by  a  study  of  the  nucleation  and 
diffusion  controlled  growth  kinetics  of  phases  in  steels  involving  austenite  formation 
and  transformation.  Next  the  three  major  phases  in  steels,  austenite,  ferrite  and 
martensite  are  analyzed  and  illustrative  examples  of  various  properties  are  given. 
The  aggregate  phases  such  as  pearlite  and  bainite,  and  the  products  of  eutectoid 
decomposition  have  been  neglected  not  because  their  importance  is  slight,  but  to 
maintain  the  paper  to  a  reasonable  length.  Finally  some  suggestions  are  made  as 
to  interesting  areas  of  research  which  may  also  be  profitable. 

**** 


VITT. 

F.  MORRAL 

(Batelle  Memorial  Institute,  USA) 

"Nuevos  Aceros  Americanos  Ultra  Resistentes" 

El  desarrollo  de  aceros  ultra  resistentes  estd  justificado  por  varias  razo- 
nes:  de  diseiio,  metaldrgicas,  y  econOmicas.  Er.  el  diseno  de  partes  para  aviones 
y  cohetes  se  necesitan  grandes  relaciones  resisteneia:densidad;  en  la  tierra  se 
pueden  bajar  costos  con  reducciones  de  peso;  bajo  el  agua,  se  necesitan  aceros 
submar inos  para  resistir  mayores  presiones  a  grandes  profundidades.  El  lfmite 
de  resistencia  es  la  fuerza  de  cohesion  entre  los  atomos  de  hierro:  2.  800  kg/mm2. 
Hasta  ahora  las  investigaciones  en  este  campo  han  inclufdo 

1.  Balanceado  de  la  composicidn  qufmica  eon  adecuado  tratamiento  tdr 
mico  (aceros  maraging) 

2.  Uso  de  secuencias  adecuadas  de  tratamiento  tdrmico  y  trabajado  me 
cdnico  (aceros  ausforming) 

3.  Posibles  combinaciones  de  los  mdtodos  1  y  2. 

Las  propiedades  de  los  aceros  del  tipo  1  y  2  son  dadas  en  forma  tabular. 


VIII. 

F.  MORRAL 

"New  American  Ultrahigh-strength  Steels" 

There  are  several  reasons -design,  metallurgical  and  economic-  for  the 
development  of  ultra-high-strength  steels.  In  the  design  c  f  parts  for.  airplane  and 
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rockets,  high-strength  /  density  ratios  are  needed;  on  earth,  low  cost  steels  by 
weight  reduction;  and  under  water,  submarine  steels  to  resist  higher  pressures 
at  higher  depths.  The  limit  of  strength  is  the  binding  force  between  iron  atoms: 
2. 800  Kg/mm2. 

Research  so  far  has  included: 

1.  Balancing  the  chemical  composition,  which  will  require  suitable 
heat  treatment  (maraging). 

2.  Using  suitable  work-heat  treatment  sequences  (ausforming). 

3.  Possible  combinations  of  the  above.  The  properties  of  steel  of  the 
first  two  types  are  given. 


*!•  +* 


IX. 

BIONISIO.  FARIAS 

(Universidad  Catdlica  de  Cdrdoba,  Argentina) 

"Racionalizacibn  en  el  empleo  de  aceros  de  construccibn" 

En  forma  cientifica  se  analiza  el  problema  del  desarrollode  la  industria 
siderdrgica  en  America  Latina.  Se  da  dnfasis  a  la  necesidad  de  importar  aceros 
especiaies  en  los  prbximos  afios  y  a  la  conveniencia  de  normalizar  aquellos  que 
satisfacen  los  requerimientos  de  las  industrias  del  pafs.  Se  hacen  notar  las  ven 
tajas  econbmicas  derivadas  de  una  correcta  normal izacidn. 

Tambien  se  discute  el  papel  que  les  corresponde  a  las  universidades  e  ins 
titutos  de  investigacidn  en  el  entrenamiento  de  personal  de  todas  las  categories. 


IX. 

DIONISIO  FARIAS 

(Catholic  University  of  Cdrdoba,  Argentina) 

•'Rationalized  Use  of  Constructional  Steels" 

The  problem  of  the  development  of  the  steel  industry  in  Latin  American 
countries  is  synthecidaityy  analyzed.  Emphasis  is  placed  in  the  need  to  import 
special  steels  in  the  next  years  and  in  the  necessity  of  standardizing  those  which 
satisfy  the  requirements  of  the  industries  of  the  country.  The  economic  advantages 
derived  from  a  correct  standardization  are  pointed  out. 

The  role  to  be  played  by  Universities  and  research  institutes  in  training 
personnel  at  all  levels  is  discussed. 


**** 
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X. 

S.  LIPSON 

(Frankford  Arsenal,  USA) 

"  Mater  iaies  Metaiicos  Celulares" 

En  primer  lugar  se  discute  un  mfitodo  para  la  produccidr,  de  metales  celu¬ 
lares.  El  proceso  eonsiste  en  preparar  un  molde  refvactario,  ilenado  con  granos 
solubles  de  granulometrfa  correspondieute  al  tamano  y  forma  de  poros  deseados 
e  infiltrar  el  agregado  soluble  con  el  metal  ifquido.  Despu^s  de  lavar  con  un  sol- 
vente  adecuado  el  metal  tiene  una  estructura  de  cdlulas  huecas  inter c one ctadas  que 
corresponden  a  las  formas  y  tamanos  del  agregado  soluble.  La  densidad  aparente 
del  cuerpo  metdlico  puede  ser  controlada  entre  un  mlximo  de  aproximadamente  un 
tercio  de  la  densidad  base  y  un  mftiimo  del  orden  do  un  quinto  de  la  densidad  base. 
Se  presentan  datos  sobre  las  propiedades  ffsicas  y  mecinicas  de  Jos  materials  s. 

Se  demuestra  tambidn  la  posibilidad  de  alterar  la  geometrfh  celular  extruyendo 
lingotes  fundidos.  Se  hace  una  revista  de  las  aplieaciones  potenciales  de  estos  ma 
teriales. 


X. 

S.  LIPSON 

(Frankford  Arsenal,  USA) 

"Cellular  Metallic  Materials'* 

A  process  for  the  production  of  cellular  metals  is  described.  The  process 
consists  of  preparing  a  refractory  mold,  filling  the  mold  with  soluble  granules 
which  correspond  to  the  size  and  shape  of  the  pores  desired  in  the  metal,  and 
infiltrating  the  metal  into  this  soluble  aggregate.  After  leaching  with  a  suitable 
solvent,  the  metal  has  a  void  structure  of  interconnecting  cells  which  correspond 
to  the  shape  and  size  of  the  soluble  aggregate.  The  apparent  density  of  the  metal 
body  can  be  controlled  from  a  maximum  of  approximately  one-third  of  its  base 
density  to  some  lower  density  in  the  order  of  one -fifth  the  base  density.  Data  are 
presented  on  mechanical  and  physical  properties  of  the  materials.  The  possibility 
for  altering  the  cell  geometry  by  extrusion  of  cast  cellular  billets  is  demonstrated 
Potential  applications  for  material  of  this  type  are  reviewed. 

**** 


XI. 

A.  COVARRU BIAS,  J.  FAVA  y  E.AYARZA 
(Universidad  CatClica  de  Chile) 

"Criterios  de  Soldabilidad  de  jAceros" 

La  soldabilidad  de  un  acero  se  deriva  de  su  capaoidad  para  resistir  el  ciclc 
tdrmico  sin  pfirdidas  apreciables  de  sus  propiedades  meclnicas.  Los  defectos  mas 
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comunmente  introducidos  por  solaadura  se  pueden  clasificar  en  cuatro  grupos:  ra 
yaduras  debajo  del  cordbn,  fragilidad  de  la  zona  afectada  por  el  calor,  rajadura 
del  corddn  y  porosidad.  A  continuacidn  se  analizan  los  ensayos  mis  comunmente 
utilizados  para  evaluar  cdmo  dichos  defectos  afectan  las  soldaduras  en  aceros. 
Finalmente  se  presentan  los  resultados  one  on  tr  ados  en  estudios  realizados  con 
aceros  del  tipo  A-212,  grado  B,  para  tanques  a  presibn. 


XI. 

A.  COV ARRU BIAS,  J.  FAVA  and  E.  AYARZA 
(Catholic  University  of  Chile) 

'’Steel  Weldability  Criteria” 

The  weldability  of  a  steel  derives  from  its  ability  to  withstand  the  welding 
thermal  cycle,  without  appreciable  loss  in  mechanical  properties.  The  common 
defects  introduced  by  welding  are  classified  in  four  groups:  cracks  under  the  seam, 
brittleness  of  the  heat -affected  zone,  cracking  of  the  seam  and  porosity.  The  dif¬ 
ferent  known  tests  to  evaluate  steel  weldments  as  affected  by  those  defects  are 
analyzed  next.  Finally,  th*3  results  of  the  experiments  made  with  pressure  vessel 
steel  type  A-212,  grade  B,  are  presented. 

*  *** 


xn. 

T.E.  COOPER,  V.  DE  PIERRE 

(Air  Force  Materials  Laboratory,  USA) 

’’Problemas  y  Desarrollos  en  el  Procesamiento  Primariode 

Metales  Refractarios” 

Luego  de  un  resdmen  del  estado  actual  de  la  tecnologfa  de  los  metales  re- 
fraetarios  este  trabajo  preeenta  algunos  de  los  resultados  mis  importantes  obtem 
dos  en  el  fundido  y  extrusidn  primaria  de  metales  refractarios  en  el  Laboratbuio 
de  Procesado  Experimental  de  Metales  del  Laboratorio  de  Metales  de  la  Fuerza 
Abrea  de  los  EE.  UU.  El  propdsito  es  indicar  el  progreso  realizado  como  asf  tam^ 
bidn  sugerir  la  aplicacidn  general  de  los  resultados  al  procesamiento  metaldrgico 
de  otros  materiales.  De  todos  los  factores  que  eontrolan  la  calidad  del  iingote  sd 
lo  se  consideran  aquellas  variables  que  afectan  el  tamafio  de  grano  y  la  rajadura 
del  Iingote.  Una  tdcnica  nueva  muy  dtil  ha  sido  desarrollada  para  medir  las  car- 
gas  sobre  matrices  de  extrusidn.  Con  ella  se  pueden  defendant  las  condiciones 
dptimas  de  extrusion  y  se  pueden  predecir  cuales  serdn  las  condiciones  adecuadas 
de  extrusion  parauna  aleacidn  de  la  que  se  conocen  propiedades  ruecdnicas  perti- 
nentes. 


1  A 
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XII. 

T.E. COOPER  and  V.DE  PIERRE 
(Air  Force  Materials  Laboratory,  USA) 

"Problems  and  Developments  in  Primary  Processing  of  Refractory 
Metals" 

• 

/liter  a  brief  review  of  the  status  of  the  refractory  metal  technology  the 
paper  presents  several  of  the  more  important  accomplishments  of  the  Experimental 
Metals  Processing  Lab  of  the  A.  F.  M.  L. ,  in  the  melting  and  primary  extrusion  of 
refractory  metals.  The  purpose  is  to  indicate  the  progress  that  has  been  made  in 
primary  processing  and  also  to  stimulate  thought  as  to  the  general  application  of  the 
results  to  the  metallurgical  processing  of  other  materials.  Of  all  the  factors  con¬ 
trolling  ingot  quality  only  those  variables  affecting  grain  size  and  the  problem  of 
ingot  cracking  are  considered.  A  new  and  extremely  useful  technique  has  been 
developed  to  measure  die  loads  during  extrusion.  With  it,  optimum  conditions  for 
extrusion  can  be  determined  and  predictions  can  be  made  as  to  the  proper  extrusion 
conditions  for  an  alloy,  from  appropiate  mechanical  property  data. 

**** 


XIII. 

J.R.  MERHAR  y  F.J.  SEMEL 

(U.S.  Army  Materials  Research  Agency,  USA) 

"Compactacibn  en  Frfo  do  Aluminio  y  sus  aleaciones" 

El  objetivo  de  la  investigacibn  deserita  en  este  ;rabajo  fu6  desarrollar  tbc- 
nicas  para  mejorar  las  propiedades  mecdnicas,  espemalmente  ductilidad,  de  piezas 
hechas  de  polvos  de  aluminio  y  de  sus  aleaciones  fabricadas  por  mStodos  convencio 
naies  por  compactacibn  en  frfo  y  sinterizado,  de  manera  que  dichas  tbcnicas  puedan 
ser  aplkrdas  a  procesos  de  produccibn  industrial.  Se  presentan  resultados  satis  - 
factorios  obtenidos  con  polvos  de  aluminio  del  tipo  1100.  En  cambio  con  aleaciones 
sblo  se  reproducen  los  resultados  obtenidos  con  Al.  1100  si  se  usa  una  mezcla  de 
pob  os  elementales  en  vez  de  polvos  prealeados. 


XIII. 

J.R.  MERHAR  and  F.  J.  SEMEL 

(U.S.  Army  Materials  Research  Agency,  USA) 

"Cold  Compaction  of  Aluminum  and  Aluminum  Base  Alloys" 

The  objective  of  the  research  described  in  this  paper  was  to  develop  tech¬ 
niques  to  improve  the  mechanical  properties,  especially  ductility,  of  aluminum  and 
aluminum  base  prealloyed  powder  compacts,  fabricated  by  conventional  cold  com¬ 
paction  and  sintering  operations  which  can  be  made  applicable  to  a  production  pro¬ 
cess.  The  satisfactory  results  of  experiments  made  with  1100  aluminum  powders 
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are  presented.  For  alum  mum  base  aiioys  the  compaction  characteristics  of  1100 
powders  are  reproduced  when  a  mixture  erf  elemental  powders  is  used  instead  of 
prealloyed  powders. 


**** 


ZW. 

DIONISIO  FARIAS 

(Universidad  Catblica  de  Cbrdoba,  Argentina) 

"Templabilidad  de  Aceros  de  Construccibn" 

Este  trabajo  presenta  los  resultados  de  una  serie  de  experimentos  llevados 
a  cabo  con  el  propbsito  de  determinar  los  pardmetros  de  templabilidad  de  los  ace¬ 
ros  aleados  mds  usados  en  la  Argentina. 

Se  intentan  establecer  las  bases  tdcnicas  y  cientfficas  de  la  determinacibn  e 
interpretacibn  de  templabilidad  y  didmetro  crftico  con  el  fin  de  ayudar  a  los  usua- 
rios  en  la  seleccibn  de  los  aceros  mds  adecuados  y  en  su  manipulacibn  durante  los 
diferentes  procesos  tecnolbgicos  a  que  son  sometidos.  Las  curvas  Jominy  fueron 
determinadas  con  espeefrnenes  templados  y  templados  y  revenidos  a  diferentes  tern 
peraturas.  Los  resultados  fueron  comparados  con  los  obtenidos  usando  el  calcula- 
dor  de  aceros  de  Calvo  Rodbs. 


XIV. 

DIONISIO  FARIAS 

(Catholic  University  of  Cbrdoba,  Argentina) 

"Hardenability  of  Constructional  Steel" 

This  work  is  the  summary  of  a  series  erf  experiments  performed  with  the 
purpose  of  determining  the  hardenability  parameters  of  alloy  steels  most  commonly 
used  in  Argentina. 

An  attempt  is  made  to  lay  down  the  technical  and  scientific  bases  of  harden¬ 
ability  and  critical  diameter  determinations  and  interpretations,  in  order  to  help  the 
users  in  the  selection  of  the  most  adequate  steels,  and  in  their  handling  during  the 
different  technological  processes.  Jominy  curves  were  determined  for  specimens 
quenched  and  quenched  and  tempered  at  different  temperatures.  The  results  were 
compared  with  those  obtained  using  the  Steel  Calculator  by  Calvo  Rodds. 


*  *** 
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XV. 

G.GUIMARAES,  N.  SUGIYAMA 
(I.  P.T. ,  San  Pablo,  Brasil) 

"Fundiciones  de  Hierro  de  Alto  Conteniao  de  Silicio  y  Gran  Resistencia  a 
la  Corrosibn  para  Plantas  Qufmicas" 

En  primer  lugar  se  dan  la  composicibn  qufmica,  las  propiedades  ffsieas  y 
mecdnicas,  y  las  caracterfsticas  de  resistencia  a  la  corrosibn  del  hierro  fundido 
con  alto  contenido  de  silicio.  A  continuaeibn  se  describer.  los  experimentos  lleva 
dos  a  cabo  en  el  IPT.  Los  estudios  se  concentraron  en  el  desarrollo  de  tbcnicas 
correctas  de  fundicibn,  desgtsificacibn  del  metal  y  tratamiento  tbrmico  de  la  fun 
dicibn  para  reducir  los  efecto^  de  tensiones  residuales. 


XV. 

G.  GUIMARAES  and  il.  SUGIYAMA 
(I.  P.  T. ,  Sao  Paulo,  Brazil) 

"High-Silicon  Iron  Castings,  of  High  Corrosion  Resistance,  for 
Chemical  Plants” 

Chemical  composition,  mechanical  and  physical  properties  and  corrosion 
resistance  characteristics  of  high-silicon  cast  iron  are  sumarized  first.  The  ex¬ 
periments  carried  out  at  the  IPT  are  described  next.  Studies  were  concentrated 
on  developing  sound  casting  techniques,  degassing  of  the  metal  and  heat  treatment 
of  the  castings  to  minimize  the  effects  of  residual  stresses. 

**** 


XVI. 

S.  WOLYNEC  e  I.  METZGER 
(I.  P.T. ,  Brasil) 

"Algunos  Problemas  Relativos  a  la  Corrosibn  de  Metales” 

Se  describen  algunos  casos  estudiados  en  el  IPT.  Las  descripciones  estdn 
precedidas  de  un  andlisis  tebrico  de  los  mecanismos  de  corrosibn  correspondientes 
a  cada  caso.  Los  casos  estudiados  implicaban  los  siguientes  mecanismos:  corrien 
tes  "stray”  de  canos  enterrados,  corrosibn  bajo  tensibn  en  refuerzos  de  hormigbn, 
"crevice  corrosion”  de  chapas  de  acero  inoxidable  y  corrosibn  intergranular  debiaa 
a  la  precipitacibn  de  carburos  en  tubos  de  acero  inoxidable. 


XVI. 

S.  WOLYNEC  and  I.  METZGER 
(IP.  T. ,  Brazil) 

'  "Some  Problems  Related  to  the  Corrosion  of  Metals" 
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Some  cases  studied  at  the  EPT  are  described.  The  descriptions  are  pre¬ 
ceded  by  a  theoretical  analysis  of  the  mechanisms  of  corrosion  involved  in  each 
case.  The  cases  studied  involved  the  following  mechanisms:  stray  current  cor¬ 
rosion  of  underground  piping,  stress  corrosion  of  concrete  reinforcements, 
crevice  corrosion  of  stainless  steel  sheets  and  intergranular  corrosion  due  to 
carbide  precipitation  in  stainless  steel  tubing. 

**** 


XVII. 

LUIS  BOSCHI 

(Departamento  de  Metalurgia,  CNEA,  Argentina) 

"Fabricacidn  de  Placas  Porosas" 

Este  trabajo  describe  la  fabricacidn  de  placas  filtrantes  porosas  hechas 
por  sinterizado  turecto  de  polvos  de  bronce,  sin  compactacidn  previa.  Las  pro 
piedades  mds  importantes  de  los  filtros  son  expuestas:  capacidad  filtrante,  pre 
sidn  de  rotura  y  microestructura.  Tambidn  se  describe  una  atmOsfera  reducto- 
ra  producida  burbujeando  gas  natural  en  metanol.  Los  mdtodos  usados  en  este 
trabajo  son  faeilmente  adaptables  a  operaciones  industriales. 


xvn. 

LUIS  BOSCHI 

(Department  of  Metallurgy,  CNEA,  Argentina) 

"Fabrication  of  Porous  Plates" 

This  paper  describes  the  fabrication  of  filtering  porous  plates  made  by 
direct  sintering  of  bronze  powders,  without  previous  pressing.  The  most  im¬ 
portant  properties  of  the  filters  are  reported:  filtering  capacity,  bursting  pres¬ 
sure  and  microstructure.  A  reducing  atmosphere  produced  by  bubbling  natural 
gas  through  methanol  is  also  described.  The  methods  used  in  this  work  are 
easily  adapted  to  industrial  operations. 

**** 


xvm. 

E.  ABRIL 

(Universidad  de  Cfirdoba  e  Industrias  Kaiser,  Argentina) 

"Nueva  Teorfla  para  el  C&lculo  de  Esfuerzos  en  los  Tratamientos 
Mecdnicos" 

Este  trabajo  presenta  una  nueva  teorfe  para  el  cdlculo  de  fuerzas  y  poten 
cias  requeridas  en  operaciones  de  formado  de  metales.  La  teorfa  se  basa  en  ar 
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gumentos  termodindmicos  suponiendo  que  el  trabajo  realizado  entre  el  estado  ini- 
cial  y  el  final  depende  solamente  de  esos  estados  salvo  que  se  realice  trabajo  re- 
dundante.  Este  ss  def iruio  com o  cualquier  trabajo  sobre  el  munino  necesano  pa 
ra  conseguir  un  cambio  de  forma  dado,  p.  e. :  trabajo  de  friccidn.  La  teorfa  se 
usa  para  calcular  laTuerza  de  estirado  en  operaciones  de  trefilado  de  alambre. 
Los  experimentos  realizados  para  verificar  la  validez  de  dichos  cdlculos  han  dado 
resultados  que  indicarlhn  que  los  mismos  serlhn  mds  aproximados  a  las  fuerzas 
medidas  experimental mente  que  aqudlias  calculadas  con  formulas  propuestas  con 
anterioridad. 


XVIII. 

E.  ABRIL 

(University  of  Cdrdoba  and  Kaiser  Industries,  Arg.  ) 

"A  new  theory  to  calculate  Forces  in  Metal  Forming  Operations” 

This  paper  presents  a  new  theory  for  the  calculation  of  forces  involved  and 
power  required  in  metal  forming  operations.  The  theory  is  based  on  thermodyna- 
»  mic  arguments  assuming  that  the  work  spent  between  initial  and  final  state  depends 

only  on  those  states  unless  redundant  work  is  performed.  The  latter  is  defined  as 
any  work  over  the  minimum  necessary  to  achieve  a  given  change  of  shape:  e,  g. : 
friction  work.  The  theory  is  used  to  calculate  the  pulling  forces  in  wire  drawing 
operations.  Experiments  to  check  the  validity  of  those  calculations  have  yielded 
results  which  would  indicate  that  the  calculated  forces  are  in  better  agreement 
with  the  measured  forces  than  those  calculated  with  previously  proposed  formulas. 

**** 


XIX. 

H.  J.  DESTAILLAT3,  E.  GERARDU  ZZI,  y  R.  A.  MORANDO 
(Depavtamento  de  Metalurgia,  CNEA,  Argentina) 

”Refinaci6n  a  Fuego  y  otras  Soluciones  para  los  Problemas  Presentados 
por  la  Presencia  de  Impurezas  en  Cobre  y  Latones  ALFA” 

Se  describe  una  instalacibn  de  mediana  capacidad  para  refinar  a  fuego  co¬ 
bre,  y  el  empleo  de  cloro  gaseoso  conjuntamente  con  el  cldsico  mdtodo  de  oxida- 
ci6n  para  eliminar  impurezas.  Se  propone  y  se  describen  los  ensayos  realizados 
con  agentes  gaseosos  para  reducir  el  cobre  oxidado  y  las  ventajas  que  su  uso  su- 
pone  en  instalaciones  pequenas.  Se  detallan  tambidn  los  efectos  del  agregado  de 
U  en  latones  aifa  conteniendo  Pb  como  intento  de  neutralizar  los  efectos  perjudi- 
ciales  del  mismo  en  el  trabajado  en  caliente. 

* 

XIX. 

H.  J.DESTAILLATS,  E.  GERARDUZZI,  and  R.  A.  MORANDO 
(Department  of  Metallurgy,  CNEA,  Argentina) 
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"Fire -Refining  Process  and  other  Solutions  to  Problems  Arisen  from 
Impurities  in^  Cu  and  Brass" 

An  assembly  of  medium  capacity  is  described  for  fire -refining  of  Cu.  It  is 
proposed  thee ueeiof  .chloriaa gas  in  conjuction  with  the  common  oxidizing  method  in 
order  to  eliminate  impurities.  Experimental  tests  are  described  using  this  method  to 
reduce  oxidized  copper  showing  the  advantages  its  use  has  for  small  plants.  Details 
are  also  given  on  the  effect  of  U  addition  toe*  brass  containing  Pb.  in  order  to  neu¬ 
tralize  its  damaging  effects  during  hot-rolling. 

**** 


XX. 

V.  LORE 

(I.  P.  T. ,  Brasil) 

"DeterminaciOn  de  las  Propiedades  Residuales  de  Arenas  de  Moldeo" 

Con  este  trabajo  se  intentb  desarrollar  on  mdtodo  de  ensayo  para  determinar 
las  propiedades  residuales  de  arenas  de  moldeo  despuds  que  dstas  han  estado  en  con 
tacto  con  el  metal  lfquido.  Estos  ensayos,  llevados  a  cabo  en  probetas  adecuadas, 
permiten  entender  el  comportamiento  de  la  arena  cuando  se  estd  llenando  el  molde. 
Las  caracterfsticas  de  las  arenas  depuds  de  haber  sido  expuestas  a  la  accidn  del 
metal  lfquido  pueden  ser  ueadas  para  orientar  el  control  de  la  adicidn  de  aglome- 
rantes  y  aditivos  a  las  arenas  de  moldeo.  El  mdtodo  desarrollado  ha  permitido  es 
tablecer  correlaciones  con  resultados  de  otros  mdtodos  de  ensayo. 


XX. 

V.  LORE 

(Technological  Research  Institute,  Brazil) 

"Determination  of  Residual  Properties  of  Foundry  Sands" 

This  work  is  an  attempt  to  develop  a  testing  method  to  determine  the  residual 
properties  of  molding  sands  after  they  have  been  in  contact  with  the  liquid  metal. 
These  tests,  performed  on  suitable  specimens,  help  to  understand  the  behavior  of  the 
sand  while  the  mold  is  being  filled.  The  characteristics  of  the  sands  after  having 
been  exposed  to  the  action  of  the  liquid  metal  could  be  used  to  orient  the  control  of 
the  addition  of  agglomerants  and  additives  to  molding  sands.  The  method  developed 
has  permitted  to  establish  correlations  with  results  from  other  types  of  testing. 


*  **  * 
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XXI. 

E.  THOMSEN 

(University  of  California,  USA) 

"Algunos  Aspectos  del  Trabajado  de  Metales" 

Se  presenta  un  corto  resdmen  de  los  principios  de  la  deformacibn  pldstica 
y  se  demuestra  que  las  caracterfsticas  de  trabajado  y  los  lfmites  de  formabilidad 
dependen  primariamente  del  estado  de  tens: ones.  Consequentemente  se  introduce 
una  clasificaciOn  de  los  procesos  de  trabajado  basada  en  dicho  concepto.  Se  dis- 
cuten  varios  mdtodos  para  obtener  soluciones  aproximadas  a  problemas  de  forma 
bilidad  y  se  dan  resultados  comparativos  para  un  problema  de  recalcado.  Se  de¬ 
muestra  adenitis  que  el  tratamiento  de  los  problemas  de  formabilidad  no  es  com- 
pleto  si  no  se  examina  cuidadosamente  la  ecuaeibn  energdtica  y  se  tiene  debidamen 
te  en  cuenta  cada  tdrmino.  Finalmente  se  sugiere  que  la  prediccibn  de  fuerzas  y 
energfas  solamente  no  es  suficiente  y  mdr  interes  se  le  debe  dedicar  a  la  posibilj. 
dad  de  predecir,  entre  otras  cosas,  las  propiedades  mecdnicas,  el  acabado  super 
ficial,  los  defectos  de  trabajado,  etc.;  por  lo  tanto  se  concluye  que  so  dediquen 
mds  investigaciones  al  estudio  con  modelos  en  los  que  todos  los  pardmetros  de  for 
mabilidad  y  corte  puedan  ser  evaluados. 


XXI. 

E.  THOMSEN 

(University  of  California,  USA) 

’’Some  Aspects  of  Metal  Forming" 

A  short  review  of  the  principles  of  plastic  deformation  is  given  and  it  is 
shown  that  forming  characteristics  and  forming  limits  depend  primarily  on  the 
state  of  stress.  Accordingly,  a  classification  of  the  major  forming  processes 
based  on  this  concept  is  presented.  In  addition,  several  methods  of  obtaining 
approximate  solutions  to  forming  problems  are  discussed  and  a  comparison  for 
an  upsetting  problem  is  given.  It  is  shown  further  that  a  treatment  of  forming 
problems  is  not  complete  unless  a  careful,  examination  of  the  energy  equation  is 
made,  and  every  term  of  the  equation  properly  accounted  for.  Finally  it  is  sug¬ 
gested  that  in  practice  the  prediction  of  forces  and  energy  alone  is  not  sufficient 
and  more  thought  must  be  given  to  the  possibility  of  predicting  among  others, 
mechanical  properties,  surface  finish,  forming  defects.  It  is  suggested  there¬ 
fore  that  more  research  be  directed  toward  model  studies  in  which  all  of  the 
important  parameters  in  forming  and  cutting  processes  can  be  evaluated. 


*  *** 
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XXII. 

N.L.REED 

(U.S.  Army  Materials  Research  Agency,  USA) 

”E1  Programa  Coordinado  de  Trabajado  y  Procesado  de  Metales  de 
las  tres  Fuerzas  Armadas” 

El  Programa  Coordinado  de  Trabajado  y  Procesado  de  Metales  de  las  Tres 
Fuerzas  Armadas,  Ejdrcito,  Armada  y  Aviacibn,  es  descrito  indicando  su  ampli- 
tud  y  las  areas  de  mayor  interbs  en  el  esfuerzo  general  coordinado  que  se  estd  ha 
ciendo  para  explotar  de  manera  prdctica  los  resultados  de  las  investigaciones  bdsj_ 
cas.  Ademds  de  exponer  la  filosoffh  del  mdtodo  de  ataque  de  los  problemas  de  tra 
bajado,  tratamiento  y  fabricacibn  de  metales,  se  da  informacibn  corcerniente  a  gru 
pos  de  tareas  seleccionadas. 


XXII. 

N.L.REED 

(U.S. Army  Materials  Research  Agency,  U.A) 

”Tri-Service  Coordinated  Metal  Working  and  Processing  Program” 

The  Tri-Service  Coordinated  Metal  Working  and  Processing  Program  of  the 
Army,  Navy  and  Air  Force  is  described  to  indicate  scope  and  areas  of  emphasis  in 
the  over-all  coordinated  effort  now  being  made  to  exploit  in  a  practical  manner  the 
results  of  fundamental  research,  hi  addition  to  presenting  the  philosophical  approach 
to  the  working,  treating  and  fabrication  of  metals,  information  on  selected  tasks  is 
reported. 


**** 


xxm. 

N.  PROMISEL 

(U.S.  Navy  Bureau  of  Naval  Weapons,  USA) 

’’Algunos  Aspectos  Tdcnicos  del  Programa  de  Trabajado  de  Metales, 
Procesos  y  Equipos  (M.  P.  E.  P. )  de  los  EE.  UU.” 

El  programa  tiene  dos  caracterfsticas  bdsicas:  primero  el  objetivo  es  el 
desarrollo  de  tbcnicas  y  equipos  que  se  adapten  al  comportamiento  especffico  del 
material,  en  vez  de  tratar  de  modifiear  el  material  para  que  sea  ”trabajable”  en 
equipos  o  bajo  condiciones  que  fueron  desarrolladas  para  algo  distinto.  Segundo, 
es  necesario  examinar  detalladay  bdsicamente  las  caracterfsticas  de  deforma- 
cibn  del  material  y  nuevos  conceptos  sobre  fenbmenos  que  podrfen  ayudar  a  encon 
trar  nuevos  equipos  y  nuevas  condiciones  de  procesamiento.  Se  describen  ejem- 
plos  especfficos  de  fenbmenos  y  comportamientos  metdlicos  que  deben  ser  ccnsi- 
derados  cuando  se  busquen  nuevas  tbcnicas  de  procesamiento:  reducciOn  de  las 
fuerzas  de  trabajado  y  de  friccibn  por  medio  de  la  aplicacibn  de  vibraciones  ultra 
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sbnicas;  aumento  de  la  ductilidad  por  aplicacibn  de  altas  presiones  hidrostdticas, 
reduccibn  de  las  fuerzas  de  friccion  y  de  expansion  en  l»s  matrices  de  extras! 6a, 
extruyendo  de  flufdo  a  flufdo;  mejoramiento  de  la  formabilidad  controlando  la  tex 
tura;  aumento  de  la  formal  ilidad  trabajando  en  condiciones  de  "superplasticidad" 
a  temperaturas  cercanas  a  una  temperatura  de  transformacibn  de  fase,  etc. 


XXIII. 

N.  PROMISE L 

(U.S.  Navy  Bureau  of  Naval  Weapons,  U.S.A. ) 

"Some  Technical  Aspects  of  the  United  States  Metalworking,  Processes 

and  Equipment  Program  (M.  P.  E.  P. )" 

The  program  has  two  basic  features:  first,  the  objective  is  to  develop  tech  ¬ 
niques  and  equipment  which  are  adjusted  to  the  characteristic  behavior  of  the 
material,  instead  of  trying  to  modify  the  material  to  be  "workable"  in  equipment  or 
under  conditions  which  have  been  developed  for  something  else.  Second,  it  is  neces¬ 
sary  to  examine  thoroughly  and  basically  the  deformation  characteristics  of  the 
material  and  new  concepts  of  phenomena  which  might  help  in  designing  new  equip¬ 
ment  and  new  conditions  for  processing.  A  description  is  presented  of  some 
specific  examples  of  the  phenomena  and  metal  behavior  which  must  be  considered 
in  looking  ahead  to  new  processing  techniques:  reduction  in  forming  and  friction 
forces  by  application  of  ultrasonic  vibration;  increasing  ductility  by  applying  high 
hydrostatic  pressure;  fluid  to  fluid  extrusion  to  reduce  friction  forces  and  hoop 
stresses  in  dies;  control  of  texture  to  improve  formability;  taking  advantage  of 
the  so  called  superplastic  conditions  near  a  phase  transformation  temperature  to 
improve  formability,  etc. 


**** 


XXIV 

S  VALENCIA  y  P„  A.  G.  CARBONARO 

(U.  S.  Army  Materials  Research  Agency,  USA) 

"Investigacibn  de  Materiales  en  Apoyo  de  una  Tecnologfh  Avanzada" 

Este  trabajo  describe  investigaciones  cuyo  objeto  era  estudiar  la  fenomeno 
logfa  de  procesos  para  optimizar  las  propiedades  de  los  materiales  y  promover  la 
tecnologfa  de  la  produccibn  mis  econbmica  de  componentes  militares.  Se  descri- 
ben  en  detalle;  un  estudio  de  crecimiento  dendrftico  y  segregacibn  durante  la  soli 
dificacibn,  .Uevado  a  cabo  con  la  ayuda  de  microsonda  y  microradiograffas,  con  el 
propbsito  de  sentar  las  bases  para  tbcnicas  avanzadas  de  fundicibn  que  permitan 
obtener  estructuras  m2s  homojbneas;  estudios  sobre  trabaiado  de  precisibn  para 
desarrollar  un  mdtodo  para  formar  interiormente  elementos  tubulares;  un  estudio 
de  difusibn  a  temperaturas  debajo  de  la  de  fusibn  (uni bn  en  estad.o  sblido)  para 
desarrollar  mbtodos  de  unibn  positiva  de  materiales  que  son  aiffciles  de  fundir; 
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una  investigacidn  de  la  aplicacidn  de  mdtodos  de  aita  potencia  ("high-energy  rate") 
en  tiempcs  muy  cortos  a  la  formacidn  de  he  tales;  y  el  corte  de  metales  a  altas 
velocidades  utilizando  herramientas  cer£micas  modernas.  Se  incluyen  los  mate- 
riales  y  aplicaciones  especfficos  y  una  discusidn  sobre  las  mejoras  ecotidmicas  que 
resultan  de  la  investigacidn  bdsica  y  aplicada. 


XXIV. 

S.  VALENCIA  and  P.  A.  G.  CARBONAEO 
(U.S.Army  Materials  Research  Agency,  USA) 

"Materials  Research  in  Support  of  Advanced  Technology" 

This  paper  reports  on  selected  materials  research  studies  covering  proces¬ 
sing  phenomenology  with  a  view  of  optimizing  materials  properties  and  establishing 
technology  for  more  economic  production  of  military  components.  Described  in 
detail  are:  a  study  of  the  dendritic  growth  and  segregation  during  solidification, 
with  the  aid  of  the  electron  beam  microanalyzer  and  of  macroradiographs,  to  pro¬ 
vide  a  basis  for  advanced  casting  techniques  for  improving  homogeneity  of  the 
structure;  studies  in  precision  forming  for  providing  a  method  for  internal  con¬ 
touring  of  tubular  shapes;  a  study  of  diffusion  at  sub-fusion  temperatures  (solid 
state  bonding)  to  develop  positive  bonding  of  hard-to-fuse  weld  materials;  investi¬ 
gation  of  the  application  of  high-energy  rate  to  the  forming  of  metals;  and  the 
removal  of  metal  at  high  velocity  utilizing  advanced  ceramic  cutting  tool  materials. 
The  specific  materials  and  applications,  with  a  discussion  cf  the  economic  impro¬ 
vement  resulting  from  the  basic  and  applied  research,  are  included. 

**** 


XXV. 

S.  DE  SOU  ZA  y  L.  CORREA  DA  SILVA 
(Institutode  Pesquisas  Tecnologicas,  Brasil) 

"Produccion  de  Electrodos  Rotativos  de  Cobre-Cobalto-Silicio" 

El  propdsito  de  este  trabajo  era  ayudar  a  la  industria  local  (brasilera)  e 
impedir  la  dependencia  total  de  la  importacidn.  Se  desarrollaron  tdcnicas  para*, 
fundir  anillos  de  dimensiones  dptimas  para  su  subsiguiente  forjado,  forjar  los 
anillos  hasta  sus  dimensiones  finales  y  tratar  tdrmicamente  los  mismos  hasta  que 
adquieran  la  dureza  deseada  (hasta  200  BHN),  Se  muestran  fotomicrograflhs  de 
especfmenes  fundidos  y  forjados  y  fundidos,  forjados  v  tratados  tdrmicamente. 


XXV.. 

S.DE  SOUZA  and  L.  CORREA  DA  SILVA 
(Technological  Research  Institute,  Brazil) 

"Production  of  Copper-Cobalt-Silicon  Rotating  Seam- Welding  Electrodes" 
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The  purpose  of  this  work  was  to  help  local  industry  and  avoid  total  depend¬ 
ence  on  importation.  Techniques  were  developed  to:  cast  rings  of  the  optimum 
dimensions  for  subsequent  forging,  forge  the  rings  to  final  shape  and  heat  treat 
them  to  the  required  hardness  (up  to  200  BHN).  Photomicrographs  of  specimens 
cast  and  forged  and  cast,  forged  and  heat  treated  are  given. 

**** 


XXVI. 

D.  OBRUTSKY,  M.  SARRATE  y  O.  YVORTMAN 
(Departamento  de  Metalu.rgia,  CNEA,  Argentina) 

"Propiedades  de  una  Aleaoion  de  Cobre  de  Alta  Resistencia  al  Ablanda- 
miento  y  Alta  Ccnductividad" 

Ciertas  aleaciones  de  cobre  y  zirconio  tienen  una  combinacibn  de  propieda 
des  adecuadas  para  aplicaciones  en  electrodos  de  soldadura  de  pun  to  a  temperatu- 
ras.  moderadas.  Parecen  ser  superiores  a  las  aleaciones  mis  comunes  de  Cu-Cr 
y  Cu~Ag.  Especfmenes  de  dife rentes  composiciones  fueron  preparados  y  sus  ca- 
racterfsticas  de  envejecido  fueron  defcrminadas  por  dilatometrfa,  dureza,  conduc 

tividad,  fuerza  termoelgctrica  y  resistencia  a  los  esfuerzos  de  corte.  Los  tilti- 

/ 

mos  fueron  hechos  en  probetas  tratadas.fermieamente  y  deformadas.  El  andlisis 
de  los  resultados  permitid  calcular  una  energfa  de  aetivaciOn  para  el  proceso  de 
envejecimiento  del  orden  de  23.  000  cal/mol.  Electrodos  hechos  con  la  combina 
cion  Optima  de  propiedades  se  han  comportado  exceientemente  en  aplicaciones  in 
dustriales. 


XXVI. 

D.  OBRUTSKY,  M.  SARRATE  and  O.  WORTMAN 
(Department  of  Metallurgy,  CNEA,  Argentina) 

"Fabrication  and  Properties  of  a  High  Resistance  to  Softening  and  High 
Conductivity  Copper  Alloy” 

Copper- Zirconium  alloys  have  an  adequate  combination  of  properties  for 
spot  welding  electrode  applications  at  moderate  temperatures.  They  seem  to  be 
superior  to  the  more  common  Cu-Cr  and  Cu-Ag.  Specimens  of  different  composi¬ 
tions  were  prepared  and  their  aging  characteristics  determined  by  dilatometry, 
hardness,  conductivity,  thermoelectric  power,  and  shear-strength  measurements. 
The  latter  were  made  on  heat  treated  and  on  deformed  and  aged  specimens. 
Analysis  of  the  data  yields  an  activation  energy  for  the  aging  process  of  about 
23,000  cal/mol.  Electrodes  made  under  the  optimum  combination  of  properties 
have  shown  excellent  performance  in  industrial  applications. 


***# 
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XXVII. 

F.  MORRAL 

(Battelie  Memorial  Institute,  USA) 

”Manufactura  de  Chapas  No-Ferrosas” 

Tres  tdcnicas  de  interds  para  la  manufactura  de  chapas  no-ferrosas  son; 
fundicidn  semicontfnua,  fundiciGn  de  toehos  delgados,  y  metalurgia  de  polvos, 
Ellas  son  consideradas  en  este  trabajo  en  relaciGn  a  la  fabricaciGn  de  chapas  de 
metales  y  aleaciones  comunes.  Se  disci' ten  tambidn  las  caracterfsticas  mecdni 
cas  y  metaldrgicas  de  los  productos. 


XXVII. 

F.  MORRAL 

(Battelie  Memorial  Institute,  USA) 

"Non  Ferrous  Metal  Sheet  Manufacturing” 

Semicontinuous  casting,  casting  of  thin  slabs,  and  powder  metallurgy  are 
techniques  for  producing  sheet.  The  use  of  them,  and  related  processes,  to 
manufacture  sheet  from  common  metals  and  alloys  and  from  unusual  metallic 
materials  is  considered  in  this  paper.  Metallurgical  characteristics  and  mecha¬ 
nical  properties  of  the  products  are  discussed. 


**** 


xxvm. 

M.  STEINBERG 

(Lockheed  Missiles  and  Space  Co,  USA) 

"Infiuencias  de  las  Investigaciones  sobre  Materiales  en  la  OptimizaciGn 

de  Disefio" 

La  transiciGn  de  construccidn  de  aviones  conveneionales  a  proyectiles  y  na 
ves  espaciales  ha  estimulado  el  desarrollo  de  materiales  estructurales  para  altas 
temperaturas  y  la  fabricaciGn  de  estructuras  livianas.  Se  dan  ejemplos  de  cGmo 
se  puede  llegar  a  resultados  errGneos  en  la  optimizaciGn  de  disefir  si  no  se  usan 
los  parlmetros  adecuados.  Se  discr.te  el  v.  oncepto  de  disefio  generalizado  de  sis- 
temas  para  determinar  planes  de  investigaciGn  y  desariollo  de  materiales  reales. 
Dos  conceptos  de  disefio  de  protecciftn  tdrmica  para  estructuras  de  re-entrada  son 
examinados  -sistemas  por  absorciGn  v  por  ablaciGn-  y  se  hacen  las  consideracio- 
nes  sobre  materiales  pertinentes  al  disefio  de  protecciones  tdrmicas  para  estructu 
ras  de  re-entrada.  Se  discute  un  material  compuesto  basado  en  fibras  refractarias 
con  un  ligante  inorg^nico  desarrollado  por  Lockheed  para  sistemas  de  protecciGn 
tGrmica.  TambiGn  se  analizan  los  probleroas  relacionados  con  metales  refracta- 
rios  con  capas  protectcras.  Se  describe  el  uso  del  andlisis  paramdtrico  de  capa~ 
cidad  de  componentes  y  materiales  versus  capacidad  de  misiGn  para  el  desarrollo 
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deun&carcazapara  unmotor  cohete  y  se  iiustra  con  una  comparacibn  entre  earca- 
zas  hechas  de  acex'o,  titanio  o  filamento  de  vidrio  bobinado.  Como  ejemplos  de 
otros  materiales  desarrollados  con  propiedades  espeefficas  o  eon  una  combina- 
cibn  de  propiedades  para  satisfacer  los  requerimientos  de  ambientes  de  proyecti 
les  o  naves  espaciales  se  citan  aleaciones  de  Be-Al  con  una  buena  combinacibn 
de  mbdulo,  resistencia,  ductilidad  y  peso  y  materiales  para  toberas  de  cohetes. 
o  sea  "materiales  a  medida". 


XXVIII. 

M.  STEINBERG 

.Lockheed  Missiles  ana  Space  Co. ,  USA) 

"Design  Optimization  Through  Materials  Research" 

The  transition  from  conventional  aircraft  construction  to  missiles  and 
spacecraft  has  spurred  the  development  of  high  temperature  structural  materials 
and  the  fabrication  of  light  weight  structures.  Examples  are  cited  of  how  mislead¬ 
ing  results  can  be  obtained  in  design  optimizations  for  minimum  weight  if  improper 
comparison  parameters  are  used.  A  discussion  is  given  of  the  generalized  design 
of  systems  concept  for  determining  actual  materials  research  and  development 
Two  approaches  in  the  design  of  thermal  protection  systems  for  reentry  structures 
are  examined  -absortive  and  radiative  systems-  and  materials  considerations  are 
given  for  the  design  of  thermal  protection  for  reentry  structures.  A  compose*  • 
based  on  inorganic  bonding  of  various  refractory  fibers,  developed  by  Lockheed 
for  thermal  protection  systems  is  considered.  The  problems  related  to  coated 
refractory  metals  is  discussed.  The  use  of  a  parametric  analysis  of  component 
and  m  Aerials  capabilities  against  mission  capability  to  develop  a  rocket  motor 
case  is  described  and  a  comparison  of  steel,  titanium  and  glass -filament  wound 
cases  is  given.  Beryllium-aluminum  alloys  with  a  good  combination  of  modulus, 
strength,  ductility  and  weight  and  materials  for  rocket  nozzles  are  other  examples 
of  materials  developed  with  specific  properties  or  combination  of  properties  to 
meet  the  requirements  of  advanced  missile  and  spacecraft  environments  or,  in 
other  words,  "materials  designed  to  order". 


**** 


XXIX. 

J.  RINEHART 

.Colorado  School  of  Mines,  USA) 

"Trabajado  de  Metales  con  Explosivos" 

% 

Aunque  no  es  de  esperar  que  este  mbtodo  reemplace  a  otros  mis  conven- 
cionales,  su  uso  est£  ahora  firmemente  establecido  en  muchas  plantas  de  proce- 
sj.io  ie  metales.  Los  procesos  en  los  que  ha  sido  mis  general  y  efectivamente 
adoptado  se  dividen  en  dos  categories:  aqudllos  en  que  los  procesos  pueden  llevar 
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se  a  cabo  sdlo  en  las  condiciones  extremas  y  exdticas  generadas  por  medio  de  ex- 
plosivos;  tales  como  el  endurecimiento  de  aceros  al  manganeso,  compactaciOn  de 
ciertos  polvos  o  contornos  convexos;  y  segundo,  aqudllos  en  los  que  el  trabajado 
del  metal  s61o  puede  hacerse  a  costa  de  mucho  tiempo,  esfuerzo  y  dinero.  Como 
ejemplos  de  la  segunda  categorfe  se  dan  la  produccidn  de  puntas  de  proyectiles- 
cohete  o  de  vagones  tanque  para  ferrocarriles.  Estas  operaciones  pueden  llevar 
se  a  cabo  por  mdtodos  convencionales  pero  la  construccitn  de  las  prensas  y  ma¬ 
trices  requeridas  para  producir  dichas  partes  sdlo  se  justifica  si  se  espera  produ 
cir  una  gran  cantidad  de  piezas.  La  produccidn  do  poi&s  j&rtes  por  medio  de  ex- 
plosivos  es  relativamente  barata  y  simple,  ya  que  las  matrices  y  tanques  usados 
son  faciles  de  hacer.  Mientras  la  formacidn  con  explosivos  juega  un  papel  muy 
significativo  en  pafses  de  tecnologiU  avanzada  como  los  EE.UU. ,  pareciera  que 
deberd  jugar  un  rol  adn  mas  importante  en  sociedades  menos  avanzadas  tecnoldgi 
camente  donde  el  progreso  se  ve  muchas  veces  impedido  por  falta  de  costosos  bie- 
nes  de  capital.  Debido  a  que  el  trabajado  por  explosivos  en  general  requiere  poco 
desembolso  de  capital,  dichas  tdcnicas  son  ideales  para  suplir  tal  falta.  Aparente 
mente  no  hay  razbn  alguna  para  que  un  pafs  como  Argentina  no  desarrolle  y  utilice 
estos  nuevcs  mdtodos  y  tdcnicas  para  resolver  algunos  de  los  problemas  de  trabaja 
do  de  metales  que  enfrenta. 


XXIX. 

J.  RINEHART 

(Colorado  School  Of  Mines,  USA) 

’’Explosive  Working  of  Metals” 

Although  it  cannot  be  expected  to  replace  most  conventional  metal  working 
operations,  explosive  working  of  metals  has  now  become  firmly  established  in  many 
metal  processing  plants.  The  processes  where  it  has  been  most  effectively  and 
widely  adopted  fall  into  two  categories:  those  in  which  the  process  can  only  be 
done  by  utilizing  the  exotic  and  extreme  conditions  generated  by  explosives,  such 
as  work  hardening  of  manganese  steel,  compaction  of  metal  powders,  or  the 
production  or  re-entrant  contours;  and  second,  those  in  which  the  working  of  the 
metal  could  be  accomplished  by  other  means  but  only  at  excessive  expenditure  of 
time,  effort,  and  money.  The  sizing  of  missile  noses,  or  the  production  of  a  rail¬ 
road  tank  car  fall  into  the  second  category.  These  operations  could  be  performed 
by  conventional  methods,  but  construction  and  procurement  of  dies  and  presses 
required  to  produce  these  latter  parts  are  only  economically  feasible  when  a  large 
number  of  production  parts  are  anticipated.  Explosive  forming  of  a  few  parts  on  the 
other  hand  is  relatively  inexpensive  and  simple  since  the  dies  and  tanks  required 
are  relatively  easy  to  fabricate.  While  explosive  working  is  playing  an  extremely 
significant  role  in  the  highly  technologically  developed  countries  such  as  the  United 
States,  it  seems  destined  to  play  an  even  more  important  role  in  less  technologically 
advanced  societies  where  progress  is  being  hampered  by  the  lack  of  expensive 
capital  equipment.  Since  explosive  forming,  in  most  instances,  requires  relatively 
little  capital  outlay,  the  techniques  are  ideally  suited  to  making  up  for  this  lack. 
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There  appears  to  be  no  reason  why  a  country  such  as  Argentina  should  not  avail 
itself  of  these  new  explosive  working  methods  and  techniques  to  solve  some  of  the 
metal  working  problems  which  it  is  now  facing. 

**** 


XXX. 

F.MORRAL 

(Battelle  Memorial  Institute,  USA) 

’’Nuevos  Procesos  de  Manufactura  de  Metales  en  los  EE.UU.  Posible 
Aplicacibn  en  Pafses  Latinoamericanos” 

Tradicionalmente,  en  la  industria  metaldrgica  de  los  EE.UU. ,  la  tenden- 
cia  ha  sido  hacia  el  uso  de  grandes  equipos  con  grandes  tonelajes  de  producciOn  de 
chapa,  alambre  y  productos  similares.  En  este  trabajo  se  ha  intentado  hacer  una 
evaluacibn  de  tbcnicas  viejas  y  nuevas  con  las  que  se  pueden  fabricar  las  partes 
arriba  mencionadas  en  una  escala  mds  reducida  y  econbmica. 


XXX. 

F.MORRAL 

(Battelle  Memorial  Institute,  USA) 

’’New  Metal  Manufacturing  Processes  in  the  USA  of  Possible  Application 
in  Latin  American  Countries” 

Traditionally  in  the  U.  S.  metallurgical  industry,  the  trend  has  been  to  larg< 
equipment  and  tonnage  to  manufacture  sheet,  wire,  and  similar  products.  An 
evaluation  of  new  and  old  techniques  which  make  possible  fabrication  of  the  above 
mentioned  products  on  a  smaller  scale  and  economically,  was  attempted. 

**** 


XXXI. 

J.  CIARLO  y  R.  MEILLAT 
(C.A.  M.  E.  A. ,  Argentina'/ 

’’Colada  Contfhua  de  Aluminio” 

Este  trabajo  describe  el  desarrollo  de  un  sistema  Properzi  de  Colada  Con- 
tfnua,  incluyendo  el  horno  basculante,  rueda  de  colada  enfriada  con  agua,  Irenes  de 
laminado  de  alambrbn  de  aluminio  y  equipoo  hobinadores  del  mismo.  El  equipo  ha 
estado  trabajando  eficientemente  durante  el  Ultimo  afto.  El  alambrbn  se  usa  en  la 
fabricacibn  de  Rheas  de  transmisibn  elbctrica. 


-  -  — 
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XXXI. 

J.  CIARLO  and  R.  ME  ILL  AT 
(C.A.M.  E.A.,  Argentina) 

"Continuous  Casting  of  Aluminum" 

This  paper  describes  the  development  of  a  Properzi  Continuous  casting 
system  including  tilting  furnace,  water  cooled  casting  wheel,  rod  rolling  trains 
and  rod  coiling  devices.  The  equipment  has  been  working  very  efficiently  during 
the  last  year.  The  rod  is  used  in  the  manufacture  of  power  transmission  lines. 


XXXII. 

J.  ALMAGRO,  G.  CUSMINSKY  y  C.  A.  MARTINEZ  VIDAL 
(Departamento  de  Metalurgia,  CNEA,  Argentina) 

"Estudio  de  la  Colaminacidn  de  metales" 

Las  tecnicas  de  colaminado  desarrolladas  en  los  laboratories  de  Metalur¬ 
gia  de  la  CNEA  son  el  tema  de  este  trabajo.  Los  mecanismos  bdsicos  fueron  in- 
vestigados  en  primer  lugar  y,  como  resultado,  se  determinaron  los  pardmetros 
importantes  para  una  produce ibn  industrial.  Experimentos  en  planta  piloto  confir 
mar'21  la  validez  de  las  predicciones.  Este  mdtodo  se  utiliza  ahora  para  producir 
los  elementos  combustibles  del  primer  reactor  argentino  experimental  y  para  la 
produccidn  de  isdtopos  (con  un  flujo  de  1016  n.p.  s. ). 


XXXII. 

J. ALMAGRO,  G.  CUSMINSKY  and  C.  A.  MARTINEZ  VIDAL 
(Department  of  Metallurgy,  CNEA,  Argentina) 

"Roll-bonding  of  Metals" 

The  roll-bonding  techniques  developed  at  the  laboratories  of  the  CNEA  are 
the  subject  of  this  work.  Hie  basic  mechanisms  were  investigated  first  and,  as  a 
result,  the  important  parameters  for  industrial  production  were  determined.  Pilot- 
plant  experiments  confirmed  the  validity  of  the  predictions.  The  method  is  being 
used  now  to  produce  the  fuel  elements  for  the  first  Argentine  experimental  and  isotope 
production  reactor  (with  a  flux  of  1016  n.p.  s. ). 


**** 
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XXXIII 
R.  KUGUEL 


(It. st  ituto  Naeional  de  Tecnologfa  Industrial,  INTI,  Argentina) 
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tiga  de  Elementos  Estructurales  y  de  Mfiquinas" 


Se  ensayaron  probetas  de  aleaci6n  de  aluminio  y  de  acero.  Se  observo  un 
decrecimiento  en  la  resistencia  a  la  fatiga  con  un  aumento  en  el  volumen  de  aquella 
parte  de  la  probeta  que  es  sometida  a  altas  tensiones.  Se  encontr6  en  relacidn  li¬ 
neal  entre  el  logarftmo  de  dicho  volumen  y  el  logaritmo  de  la  tensi6n  maxima.  La 
pendiente  de  dichas  lfneas  parece  ser  la  misma  para  todos  los  materiales  ensaya- 
dos  dentro  de  la  banda  de  dispersidn  entre  el  10  y  el  96%.  Debe  tenerse  en  cuenta 
que  el  an&lisis  precedente  puede  usarse  para  predecir  el  corrportamiento  a  la  fati 
ga  de  partes  de  maquinas  y  estructuras  a  partir  de  los  resultados  obtenidos  con 
pequenas  probetas  de  laboratorio.  Tambidn  se  determino  una  relaci6n  experimen¬ 
tal  entre  los  factores  de  Concentracion  de  tensiones  real  y  tedrico. 


XXXIII . 

R. KUGUEL 

(National  Institute  of  Industrial  Technology,  INTI,  Argentina) 

"The  Effect  of  Size  and  Shape  on  the  Fatigue  Strength  of  Structural  and 
Machine  Members" 

Steel  and  aluminum  alloy  specimens  were  tested.  A  decrease  in  fatigue 
strength  with  an  increase  in  the  volume  of  that  part  of  the  specimen  which  is  highly 
stressed  was  observed.  A  straight  line  relationship  between  the  logarithm  of  that 
volume  and  the  logarithm  of  the  maximum  stress  was  found.  The  slope  of  those 
lines  seems  to  be  the  same  for  all  materials  tested  within  the  10%  and  96%  dis¬ 
persion  band.  It  should  be  pointed  out  that  the  preceeding  analysis  could  be  used 
to  predict  the  fatigue  behavior  of  structural  and  machine  components  from  results 
on  small  laboratory  specimens.  An  experimental  relationship  between  the  theo¬ 
retical  and  real  stress  concentration  factors  was  determined. 


*  **  * 


XXXV. 

-J.  A.  SABATO 

(Departamento  de  Metalurgia,  CNEA,  Argentina) 

"Estrategia  de  la  investigaci6n  metalurgica  en  Latino- America" 

Esta  sesion  se  dedied  a  discutir  el  impacto  de  las  investigaciones  metalur- 
gicas  en  la  economfa  de  los  pafses  en  desarrollo  y  la  posibilidad  de  establecer  prio 
ridades  en  la  investigaciOn  metaldrgica  en  relaci6n  a  las  necesidades  y  posibilida- 
des  nacionales. 
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XXXV. 

J.  SABA  TO 


(Department  of  Metallurgy,  CNEA,  Argentina) 

“Strategy  of  Metallurgical  Research  on  Latin  America” 


This  session  was  devoted  to  discuss  the  impact  of  metallurgical  research 
on  the  economy  of  developing  countries  and  the  possibilityot  establishing  priorities 
in  metallurgical  research  in  relation  to  national  needs  and  possibilities. 


XXXVI. 

J.A.SABATO 

(Departamento  de  Metalurgia,  CNEA,  Argentina) 

"Objetivos  de  una  colaboracibn  regional  en  materia  de  investigacibn 
tecnolbgica" 

Esta  sesibn  fud  la  dltima  de  la  Conferencia.  El  prof.  Sabato  resumib  lo 
conseguido  por  la  Conferencia  y  agradecib  a  los  confer enciantes  en  nombre  de  la 
CNEA.  Representantes  de  diferentes  pafses  agradecieron  la  hospitalidad  de  los 
organizadores  y  los  felicitaron  por  el  dxito  de  la  Conferencia.  A  continuacibn  se 
llevb  a  cabo  una  discusibn  sobre  cbmo  usar  los  servicios  de  organizaciones  inter 
nacionales  para  promover  reuniones  y  cursos  tbcnicos. 


XXXVI. 

J.A.SABATO 

(Department  of  Metallurgy,  CNEA,  Argentina) 

’’Objectives  of  Regional  Collaboration  cm  Technological  Searching" 

This  session  was  the  last  of  the  Conference.  Prof.  Sabato  summarized  the 
accomplishments  of  the  conference  and  thanked  the  attendees  in  the  name  of  the 
CNEA.  Representatives  of  the  different  countries  thanked  the  organizers  for  thfeir 
hospitality,  and  congratulated  them  for  their  success.  A  discussion  followed  on 
how  to  use  the  services  of  international  organizations  to  promote  technical  courses 
and  meetings. 


*  *** 
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SOME  RECENT  DEVELOPMENTS  IN  ENGINEERING 
MATERIALS  AND  PROCESSES 


by  Earl  R.  Parker 


Inti*  od  j  e  t i  on 


The  purpose  of  this  paper  is  to  describe  briefly  some  of  the  recent  techno¬ 
logical  advances  in  materials  that  are  of  interest  to  physical  metallurgists  and 
engineers.  The  subjects  selected  for  inclusion  are  new  methods,  new  processes, 
or  new  materials. 

Of  major  concern  to  the  users  of  materials  are  joining  processes.  New 
methods,  some  of  them  exotic  and  far  removed  from  current  commercial  prac¬ 
tices,  may  soon  find  important  applications.  Most  of  those  considered  are  in  the 
early  stages  of  industrial  application;  they  are  not  merely  laboratory  developments, 
although  they  are  not  far  removed  from  this  stage  of  evolution. 

Casting  processes  have  not  received  adequate  attention  in  the  research  and 
development  areas.  Very  little  basic  work  on  solidification  processes  is  being 
done  in  universities;  governmental  research  support  is  very  small,  and  the  work 
being  done  in  industrial  laboratories  is  generally  concerned  with  current  production 
problems. 

In  many  modern  engineering  structures,  high  strength  and  light  weight  are 
basic  design  requirements.  There  has  been  an  intensive  effort,  particularly  in  the 
United  States,  to  develop  materials  of  all  kinds  (metallic,  ceramic,  and  organic) 
that  are  substantially  stronger  than  available  commercial  materials.  The  status  of 
this  work  is  briefly  reviewed;  the  high  strength  alloys  that  have  recently  become 
available  are  described.  The  future  of  composite  materials  is  also  discussed,  as 
are  the  current,  and  rather  spectacular,  developments  in  the  production  of  high 
strength  glass. 
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.1  OI  NI  NG 


The  joining  processes  considered  herein  are  confined  to  the  newer  develop 
inc  nts  in  welding  and  adhesives;  mechanical  joints  are  not  considered.  In  metallic 
joints  these  include  electron  beam,  friction,  sonic,  explosive,  and  laser  welding 
and  in  nonmetallic  joining  methods,  organic  adhesives  bonding.  The  newer  metal 
Ik-  methods  are  relatively  expensive,  hence,  they  are  only  used  in  specialized  ap¬ 
plications  where  conventional  welding  or  brazing  techniques  do  not  provide  satis¬ 
factory  joints.  Adhesives  are  being  used  for  similar  applications;  they  are  also 
finding  increasing  use  as  replacements  for  mechanical  bonds.  In  many  cases, 
adhesive  bonds  are  actually  stronger  and  cheaper  to  make  than  mechanical  joints. 
The  most  Important  advances  in  joining  methods  today  are  with  adhesive  materials. 
All  metallurgists  and  engineers  should  be  fully  aware  of  the  properties  and  potential 
uses  of  adhesives.  Each  of  the  above-mentioned  joining  methods  will  be  discussed 
in  detail  in  the  following  sections. 


Electron  beam  welding(*»  2)  must  be  done  in  vacuum  at  a  pres¬ 
sure  of  less  than  one  micron  of  mercury.  This  imposes  serious  limitations  on  the 
general  use  of  this  method,  but  it  also  has  the  great  advantage  that  contamination 
by  air  is  avoided.  An  additional  advantage  that  sometimes  accrues  is  that  volatile 
impurities  in  the  metal  evaporate  during  welding  because  of  the  vacuum  environment. 
The  low  level  of  contamination  is  especially  desirable  in  the  melting  and  welding  of 
refractory  metals. 


Electron  beam  welding  methods  nave  been  developed  in  England,  France, 
Germany,  Japan,  Russia,  and  the  United  States.  The  electroj  team  is  accelerated 
with  a  potential  that  varies  from  10  to  150  kilovolts,  and  the  team  is  focused  into  a 
small  cross-section  to  obtain  a  high  energy  density  necessary  for  a  tiny  molten  zone. 
A  unique  characteristic  of  this  kind  of  welding  is  that  the  depth-to-width  ratio  of  the 
weld  zone  is  high.  Commercially  available  equipment  produces  welds  with  depth-to- 
width  ratios  of  four  to  one,  but  machines  have  been  built  that  can  produce  deep 
narrow  welds  with  ratios  of  20  or  more.  Another  advantage  is  that  little  w'eld 
shrinkage  occurs  and  distortion  is  minimal.  A  sketch  illustrating  the  elements  of 
an  electron  beam  welding  gun  is  shown  in  Fig.  1.  Photographs  of  welds  made  with 
h«gh  and  with  iov  power  density  beams  are  shown  in  Figs.  2  and  3. 

Electron  heam  welding  processes  were  developed  in  an  effort  to  avoid  the 
>maU  amount  of  contamination  that  occurs  in  well  shielded  inert  gas  welding  of 
reaetiv  metalt.  Although  only  a  few  parts  per  million  of  oxygen  or  nitrogen  may 
be  present  in  the  inert  atmosphere,  these  ga»es  can  have  a  serious  adverse  effect 
on  the  properties  of  the  weld  metal.  Also,  similar  amounts  of  oxygen  and  nitrogen 
are  often  present  in  the  metal  being  welded  f>e  :ause  of  contamination  that  occurred 
dni  'ug  the  valuing  arc  melting  of  the  ingot  (under  pressures  of  5  to  50  microns  of 
mercury).  In  many  applications  the  normal  impurity  level  is  not  particularly 
rielitm  icus,  but  for  cei tain  critical  applications,  higher  purity  is  essential.  The 
elec  tron  beam  process  produces  substantially  higher  purity  welds  than  does  con¬ 
ventional  inert  gas  arc  welding,  and  this  is  the  reason  that  the  process  was  developed. 
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In  its  present  state,  electron  beam  welding  can  only  be  done  on  components 
that  will  fit  into  vacuum  chambers,  the  largest  of  which  are  of  the  order  of  10  feet 
in  length,  5  feet  in  width,  and  6  feet  in  height.  \Velding  can  be  done  equally  well  in 
any  position,  and  so  tooling  and  positioning  of  the  work  is  simplified.  The  gun  can 
be  maintained  stationary  while  the  work  is  moved,  or  the  gun  can  be  mounted  on  a 
movable  carriage.  Electron  beam  welding  must,  of  necessity,  be  remotely  control¬ 
led.  Programming  is  accomplished  h\  continuous  path  numerical  control  or  by  a 
simple  analog  system.  The  progress  of  welding  can  be  followed  optically  through 
w  indow's  in  the  vacuum  chamber  or  by  close  1  circuit  television. 

Applications  of  the  electron  beam  technique  include  micro-circuitry  welding 
in  the  electronics  industry,  general  fabrication,  joining  of  heavy  structures,  and 
the  repair  of  castings.  Very  tiny  objects,  such  as  0.  003-inch  wires  and  sheets  can 
be  electron  beam  welded,  and  miniaturized  components  can  be  encapsulated  by  sheet 
material  welded  with  this  process.  In  the  larger  sizes,  a  wide  variety  of  thicknesses 
and  kinds  of  materials,  including  dissimilar  metals,  can  be  joined.  A  single  electron 
beam  machine  can  weld  foils,  or  it  can  be  used  to  join  plates  several  inches  thick. 
Although  current  usage  is  generally  restricted  to  foils  and  to  plates  less  than  about 
3/4  inch  thick,  the  method  can  be  used  to  join  plates  several  inches  thick  in  a  single 
pass,  and  with  travel  rates  of  several  feet  per  minute. 

Friction  welding  is  a  fusion  process  for  joining  metals ,  but  it  differs 
from  other  processes  in  that  the  heat  is  generated  by  friction.  In  its  simplest  form, 
one  of  the  pieces  to  be  joined  remains  stationary  while  the  other  is  rotated  at  a  high 
speed  with  one  end  held  against  the  stationary  piece  until  a  welding  heat  is  reached, 
then  the  rotation  is  slopped  and  the  pieces  are  pressed  together  during  the  subsequent 
cooling  period. 

The  friction  welding  process  has  been  explored  most  thoroughly  by  the 
Russians.  V.  1.  Vill  (3>4)  has  made  a  comprehensive  study  of  the  process. 

Zakson  and  Voznesenskii  (5)  evaluated  the  general  parameters  of  power  and  heat 
incident  to  friction  welding,  and  the  specific  analysis  of  these  factors  for  friction 
welded  thick- walled  steel  pipes  was  reported  by  Gel’dman  and  Sanders  (®).  Industry 
in  Russia  has  found  considerable  use  for  this  process,  but  as  yet  it  is  used  very 
little  in  other  countries.  Among  the  first  technical  studies  reported  in  the  United 
States  were  those  of  Hazlett  and  Hollander  (9).  Hazlett  friction  welded  a 

number  of  dissimilar  metals  as  well  as  plain  carbon  and  low  alloy  steels.  Cylin¬ 
drical  bars  ranging  from  1/4  to  5/8  inch  in  diameter  were  welded  and  tested. 

Joint  efficiencies  of  100  percent  were  obtained  with  AISI  1020  and  4130  steels. 

Identical  results  were  obtained  with  zirconium-zirconium,  304  stainless  steel-304 
stainless  steel,  2024  aluminum-2024  aluminum,  magnesium-magnesium,  nickel- 
nickel,  zirconium-304  stainless  steel,  zirconium -1020  steel,  and  2024  aluminum- 
copper,  but  satisfactory  welds  of  copper-copper  and  nickel-magnesium  could  not 
be  made.  Sound  metallurgical  bonds  were  obtained,  except  for  the  combinations 
noted,  but  brittle  zones  were  present  in  some  cases,  and  these  limited  the  ductility 
and  toughness  of  the  metal  at  the  junction.  As  the  advantages  of  this  process  have 
become  more  widely  known,  its  use  has  gained  headway,  and  more  widespread  future 
use  is  to  be  expected. 
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Ultrasonic  welding  is  a  process  for  joining  metals  using  vibrational 
energy,  but  without  the  aid  of  heat,  fluxes,  or  filler  metals.  The  pieces  to  be 
joined  are  clamped  together  with  a  low  static  pressure.  The  static  and  cyclic  loads 
are  applied  through  a  welding  lip  much  like  that  used  in  resistance  welding.  The 
vibrational  energy  is  applied  for  a  few  seconds.  The  sonic  coupling  system  is 
shown  schematically  in  Fig,  4.  Strong  bonds  can  be  made  without  causing  signifi¬ 
cant  distortion  of  the  pieces  being  joined,  and  the  !,cast  metal  zone"  characteristic 
of  fusion  welds  is  absent,  or  at  worst,  very  small. 

Welding  is  achieved  by  applying  a  shearing  action  between  the  pans  being- 
joined.  The  shearing  movement  is  small  and  a  normal  force  is  necessary  l'cr  good 
bonding.  The  sonic  frequencies  employed  range  from  5, 000  to  75,  000  cycles  per 
second. 


Strong  bonds  can  be  made  between  like  pieces  of  most  of  the  common  alloys, 
and  many  dissimilar  metals  can  also  be  joined  successfully.  Examples  of  metals 
that  have  been  welded  are  stainless  steels,  titanium  alloys,  aluminum  alloys,  copper 
alloys,  copper  to  silver,  copper  to  nickel,  copper  to  zinc,  and  titanium  to  molyb¬ 
denum.  One  very  attractive  feature  of  this  process  is  that  cold-v/orked  metals  and 
alloys  can  be  joined  without  destroying  their  high  strength  properties;  because  no 
heat  is  used  recrystallization  does  not  occur  in  the  weld  zone. 

The  process  is  best  suited  to  the  welding  oi  thin  sheet  material,  such  as 
aluminum  foil,  and  is  currently  being  used  to  a  limited  extent  for  such  applications. 

Explosive  welding  isa  new  technique  for  joining  in  which  plates  of 
metal  are  ioreed  together  by  an  explosive  charge  in  a  manner  that  produces  ar.  in¬ 
crease  in  surface  area  while  the  plates  are  held  in  contact  by  a  pressure  approach¬ 
ing  a  million  pounds  per  square  inch.  This  is  a  cold  welding  process;  the  temper¬ 
ature  of  the  surfaces  being  joined  need  not  rise  above  about  300°C,  although  it  is 
possible  with  technique  variations  to  produce  very  high  surface  temperatures. 

Weld  joints  as  strong  as  the  parent  metal  can  be  produced  by  this  technique. 

The  best  welds  are  made  when  there  is  a  small  angle  between  the  plates, 
and  the  welding  is  done  in  vacuum  (1/100  atmosphere).  Joints  made  in  air  arc  not 
as  strong  because  the  air  acts  as  a  cushion  when  the  plates  are  brought  together, 
and  the  air  becomes  very  hot  as  it  is  compressed  (of  the  order  of  10,  000°C), 
oxidizing  some  of  the  metal  and  contaminating  the  weld. 

A  sketch  illustrating  the  nature  jf  the  explosive  welding  set-up  used  by 
Davenport  'lb)  is  shown  in  Fig.  5.  Wuen  the  explosive  rs  detonated,  the  top  plate 
is  accelerated  to  a  velocity  approaching  1000  feet  per  second.  As  it  strikes  the 
other  plate,  the  mater  ial  is  squeezed  forward,  making  a  small  jet  or  ripple  in  the 
surface.  The  eoniact  point  moves  along  the  interface  as  the  plates  move  together. 
When  the  rate  at  which  the  contact  point  moves  is  sub-sonic,  material  has  time  to 
move,  ripp’es  like  those  shown  in  Fig  6  form,  and  the  resulting  joint  is  strong. 
Rippling  pr<duces  a  several -fold  increase  in  the  surface  area,  creating  new  surfaces 
that  'jond  readily. 
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Rippling  also  provides  a  mechanical  strengthening  effect  by  virtue  of  its 

- 1.  • _ _ _ 

liiLUi  unliking  liaiutr;. 

In  many  instances,  it  is  not  possible  to  use  an  angle  between  the  surfaces 
to  be  welded  (e.  g, ,  welding  of  concentric  tubes,  or  joining  of  large  areas  of  flat 
plates).  However,  for  the  formation  of  strong  joints,  rippling  is  highly  desirable, 
and  this  effect  can  only  be  produced  when  the  contact  point  moves  slower  than  the 
sonic  velocity  in  the  plates.  Detonation  velocities  in  commercially  available 
explosives  are  six  to  seven  millimeters  per  microsecond,  and  sonic  velocities  in 
metals  are  only  fear  or  five  millimeters  per  microsecond.  Thus,  to  produce  rip¬ 
pling  during  the  welding  of  parallel  surfaces,  special  explosives  having  detonation 
velocities  less  than  three  or  four  millimeters  per  microsecond  must  be  used. 

Such  explosives  are  not  readily  available. 

The  separation  distance  of  the  plates  is  also  important  because  the  moving 
plate  must  travel  a  certain  minimum  distance  before  reaching  maximum  velocity. 

In  most  instances,  the  separation  distance  is  a  few  millimeters.  If  plates  are 
spaced  closer  than  the  desirable  minimum,  or  even  if  they  are  in  contact,  welding 
can  be  achieved,  but  the  amount  of  explosive  used  must  be  increased  as  much  as 
five-fold. 

Applications  for  explosive  welding  are  limited  because  of  the  potentially 
dangerous  materials  used  and  because  of  the  geometric  limitations  of  the  process. 
Explosive  we’ding  is  advantageous  for  welding  materials  together  over  large  sur¬ 
face  areas.  It  is  especially  suited  for  cladding  of  plates,  rods,  or  tubes. 

Laser  welding  is  the  newest  of  the  welding  processes.  The  word 
’’laser’’  was  created  by  using  the  first  letters  of  the  words,  "Ught  amplification  by 
stimulated  emission  of  radiation”.  A  laser  is  a  device  that  emits  coherent  (i.e. , 
in  phase)  light  waves  in  a  paialiel  beam  having  little  or  no  divergence,  in  contrast 
with  ordinary  emitters  which  radiate  incoherent  (out  of  phase)  light  spherically. 

The  uses  of  lasers  fall  into  three  general  categories;  -.  ’(1 )  scientific  research, 

(2)  communications,  (3)  for  concentrating  energy  in  a  small  area  for  technological 
or  military  purposes.  Tremendously  high  energy  densities  can  be  attained  with 
lasers.  The  first  laser  material,  the  pink  ruby,  is  still  used  as  the  light  emitter 
in  applications  such  a«  welding  where  high  energy  densities  are  required. 

A  laser  -:s  a  device  that  amplifies  light  by  means  of  stimulated  emission  of 
radiation.  The  iaser  is  used  as  a  source  of  radiation,  the  particular  laser  of  con¬ 
cern  in  welding  being  the  ruby  laser  which  is  a  cylindrical  single  crystal  of  AJ2O3 
containing  about  0,  05  percent  of  chromium.  The  crystal  is  usually  about  one  centi¬ 
meter  in  diameter  and  may  be  2  to  20  centimeters  in  length.  The  ends  of  the 
cylindrical  crystal  are  ground  optically  flat  and  parallel,  and  one  end  is  coated  so 
that  it  becomes  a  highly  reflective  surface,  'he  ruby  is  irradiated  by  a  flashlamp, 
usually  in  the  form  cf  a  concentrically  wouno  helical  tube,  which  is  intermittently 
operated  for  millisecond  periods  with  a  high  energy  pulse,  tor  example,  2000joules. 
Commercial  welding  units  are  available  with  IF  joules,  3  millisecond  pulses,  at  a 
rate  of  1200  pulses  per  hour.  A  schematic  illustration  of  a  unit  is  shown  in  Fig.  7. 
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A  laser  concentrates  or  "a;  plifies”  light  energy  hundreds  of  times  m  that 
the  intensity  of  the  output  fiash  is  many  times  greater  than  the  intensity  of  the  input 
light  used  to  excite  the  laser.  The  same  general  principle  as  that  used  in  fluores¬ 
cent  lights  is  involved,  namely,  the  excitation  of  atoms  by  a  light  of  a  shorter  wave 
length,  and  the  subsequent  re-emission  of  longer  wave  length  light  by  the  excited 
atoms  when  they  return  to  their  normal  state.  In  the  case  of  the  ruby  laser,  the 
chromium  atoms  are  the  emitters.  They  absorb  green  light  and  thus  make  the 
ruby  look  red.  Green  light  from  the  external  exciting  source  raises  the  energy 
level  of  the  chromium  atoms.  When  these  excited  atoms  return  to  their  normal 
state,  they  emit  light  of  a  longer  wave  length.  The  difference  between  the  action 
of  a  fluorescent  material  in  a  lamp  and  a  laser  is  that  the  atoms  in  Ifte  fluorescent 
light  emit  randomly  in  all  directions,  with  each  quantum  of  radiation  being  inde¬ 
pendent  and  out  of  phase  with  all  others  emitted  at  the  same  time.  In  the  laser, 
the  action  is  different.  The  excited  atoms  tend  to  remain  in  the  excited  state  until 
triggered  by  some  external  stimulant.  The  light  quantum  emitted  from  the  first 
atom  returning  to  the  normal  state  travels  down  the  ruby  crystal,  and  as  it  passes 
other  excited  chromium  atoms  ^stimulates  them  to  discharge  their  stored  energy 
in  phase  with  light  from  the  first  atom.  'The  ends  of  the  rod  are  parallel  an*i  coated 
with  a  highly  reflecting  substance  so  that  the  beam,  once  triggered,  is  reflected 
back  and  forth,  triggering  more  and  more  excited  atoms,  until  it  reaches  a  high 
enough  intensity  to  pass  through  the  thinly  mirrored  surface  cn  one  end  of  the  rod. 
The  burst  of  light  leaving  the  crystal  is  coherent  (i.  e. ,  of  a  single  phase  and  fre¬ 
quency),  and  is  in  the  form  of  a  narrow  beam  that  does  not  diverge. 

Laser  light  can  pass  through  transparent  substances  without  affecting  them. 

It  can  be  used  to  melt  metals  encapsulated  in  glass  or  plastic,  or  more  impres¬ 
sively,  laser  beams  have  been  flashed  into  the  eyes  of  patients  having  detached 
retinas  to  weld  the  retina  back  in  place.  The  beam  passes  harmlessly  through  the 
transparent  portion  of  the  eye  and  is  absorbed  by  the  retina,  "welding”  the  detached 
unit  back  in  place. 

The  power  output  of  a  commercial  unit  may  seem  small  for  welding  metals, 
but  10  joules  output  for  one  millisecond  can  cause  the  surface  of  iron,  copper,  or 
aluminum  to  boil.  The  reaction  pressure  of  the  vaporizing  metal  also  can  be  used 
to  produce  laser  •'drilling”.  Lasers  can  be  used  for  welding  fine  wires  to  each  other 
or  to  foil,  an  application  of  considerable  importance  in  the  manufacture  of  micro¬ 
electronic  devices.  Laser  welding  is  just  coming  into  use;  it  is  certain  to  find 
numerous  specialized  applications. 

Ad  he  si  ves  are  assuming  a  major  role  in  materials  technolov”.  Within 
the  past  few  years,  adhesives  have  reached  the  stage  of  development  wl  j  adhe¬ 
sive  bonding  has  replaced  many  riveted,  bolted,  brazed  and  spot  welded  joints.  In 
modem  supersonic  airplanes,  over  75  percent  of  the  skin  is  joined  to  the  framework 
with  adhesives.  In  the  automotive  industry,  adhesives  are  used  to  attach  panels, 
glass,  steel  reinforcing  sections,  and  trim;  over  25  pounds  of  adhesives  are  used  on 
some  automobiles.  In  the  electronic  industry,  adhesives  are  used  to  bond  metal 
parts  to  circuit  beards,  and  conducting  adhesives  may  soon  be  used  for  making 
’’soldered”  joints. 
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In  the  metal  industries,  adhesives  are  used  to  join  castings,  extrusions, 
d  sheet  metal  parts.  Adhesives  are  used  us  ’dock-washers”  for  nuts, 
for  bonding  sheets  of  metal  in  curtain-wall  building  construction,  and  experiments 
are  in  progress  involving  the  use  of  adhesives  in  place  of  stitches  both  in  the 
clothing  industr}'  and  in  surgical  techniques,  such  r  ’  the  joining  or  closing  of  blood 
vessels. 


Adhesives  stick  to  surfaces  primarily  by  virtue  of  Van  der  Waal  bends,  the 
weak  forces  responsible  for  the  wetting  action  of  a  liquid  when  placed  on  a  solid. 
Bonding  energies  are  of  the  order  of  one  keal/mol,  in  comparison  with  chemical 
bonds  which  have  energies  of  the  order  of  100  kcal/mol.  Such  bonds,  weak  as  they 
are,  are  sufficiently  strong  to  account  for  the  strength  of  adhesively  joined  parts. 

Good  bonding  requires  good  wetting,  An  adhesive  that  does  not  spread  on  a 
surface  cannot  flow  into  surface  crevices  and  will  form  a  weak  joint.  Whether  or 
not  a  Liquid  will  spread  on  a  solid  depends  upon  whether  the  attractive  force  of  the 
liquid  molecules  for  each  other  is  greater  or  less  than  the  attractive  force  between 
the  liquid  molecules  and  the  solid.  The  forces  holding  like  molecules  together  is 
called  cohesion;  for  unlike  molecules  they  are  called  adhesion  forces.  On  an 
energy  basis,  the  thermodynamic  work  of  adhesion  is  equal  to  the  surface  free 
energy  of  the  solid,  Fg,  plu-  e  surface  free  energy  of  the  liquid,  F^,  minus  the 
free  energy  of  the  interface  between  the  liquid  and  the  solid,  Fg^,,  or 

^Adh  =  FS  +  FL  ~  FSL‘ 

In  the  same  terms,  the  work  of  cohesion  can  be  considered  as  the  work 
involved  when  a  layer  of  liquid  spreads  over  another  layer  of  identical  material,  or 

WCoh.  =  2FL 

A  liquid  will  spread  on  a  solid  if  the  spreading  coefficient,  Sp  is  greater  than  zero; 

Sp=  ^Adh  -  WCoh=  FS  "  fL  "  FSI>  0 
or  Fg  ^  Fl  +  FgL 

Surface  free  energies  of  melals  are  generally  high.  They  are  difficult  to  measure, 
and  reliable  data  can  only  be  obtained  at  temperatures  near  the  melting  point. 
Measured  values  range  from  a  few  hundred  to  more  than  a  thousand  dynes  per  centi¬ 
meter,  as  compared  with  72  for  water,  47  for  epoxy  resin,  46  for  nylon,  and  even 
lower  values  for  polyethylene,  polystyrene,  and  teflon. 

The  increased  use  of  adhesives  has  resulted  from  developments  that  have 
occurred  recently.  About  seven  years  ago  a  new  class  of  substances,  called  epoxy 
resins,  became  available.  They  are  far  superior  to  most  of  the  older  adhesives, 
and  the  success  of  this  group  of  compounds  has  stimulated  extensive  research  in 
many  laboratories.  The  epoxy  resins  are  formed  by  mixing  two  materials  that  link 
together  because  of  a  spontaneous  chemical  reaction.  The  result  is  a  long-chain, 
cross-linked  polymer  that  is  solid  and  strong,  like  bakeiite. 
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The  hardening  process  involves  the  transformation  from  a  liquid  state  to  a 
tough,  hard  solid.  The  reaction  is  promoted  by  the  addition  of  chemically  active 
reagents  variously  knewn  as  curing  agents,  hardeners,  activators,  or  catalysts. 
Some  agents  promote  hardening  by  catalytic  action,  while  others  react  with  the 
resin  molecules.  In  some  resins,  curing  may  take  place  at  room  temperatui'e, 
but  in  most  cases,  heat  must  be  employed,  cither  by  an  exothermic  reaction  or 
from  an  external  source.  The  nature  cf  the  molecular  structure  of  epoxy  resins 
is  shown  below.  The  basic  epoxy  resin  mclecule  is  characterized  by  the  reactive 
epoxy  or  ethoxyline  groups 


-  C  ~  C  - 

which  act  as  terminal  linear  polymerization  points.  The  terminal  structure  of  the 
long-chain  epoxy  resin  molecules  is  shown  at  the  top  in  Fig.  8;  the  central  brack¬ 
eted  portion  consists  cf  a  number,  n,  ol  the  units  shown  in  the  lower  part  of  the 
figure,  linked  together  to  form  the  central  part  of  the  molecule.  The  numuer,  n, 
may  vary.  When  it  is  zero,  the  molecular  weight  is  340,  and  the  softening  tem¬ 
perature  of  the  cured  resin  is  about  -40oC,  When  n  =  4,  the  molecular  weight  is  1056 
and  the  softening  temperature  is  about  110oC.  The  mechanism  of  polymerization 
is  shown  in  Fig.  9. 

Epoxy  resins  may  be  used  for  a  variety  of  applications  such  as  castings, 
encapsulating,  sealing,  and  lightweight  foams,  but  one  of  the  most  important  usages 
is  for  adhesives.  Depending  upon  the  formulation,  the  amount  and  kind  of  filler, 
diluent,  or  resin  modifier  used,  the  resin  may  be  rigid  or  flexible.  Some  epoxy 
resins  are  stable  for  long  times  at  1750C,  and  for  short  times  up  to  OQOcC.  Shear 
strengths  in  lapped  joints  can  be  several  thousand  pounds  per  square  inch  with 
pure  epoxy  resins;  filler  materials  increase  the  strength.  Values  of  shear  strength 
on  steel -to-steel  bonds  as  high  as  10,000  psi  have  been  reported.  An  additional 
feature  of  merit  is  that  epoxy  bonded  joints  exhibit  a  much  greater  resistance  to 
laiigue  than  spot  welded  or  riveted  joints.  Improved  performance  is  assured  with 
future  development,  and  ever  expanding  usage  of  epoxy  resin  adhesives  is  clearly 
foreseen  in  parts  now  joined  by  welding  rr  mechanical  means. 

New  or  improved  casting  processes  for  metals,  while  of 
threat  commercial  importance,  arc  receiving  relatively  little  attention.  One  of  the 
most  promising  current  developments  is  the  combination  of  casting  and  die  forging. 
I’he  ductility  of  high  strength  steel  and  aluminum  castings,  cast  to  fit  into  final 
forging  dies,  can  be  substantially  improved  by  a  final  hot  forming  operation. 

A  new  technique  for  improving  nodular  iron  castings  is  being  explored. 

Thin  sections  in  nodular  castings  often  cool  so  fast  that  cementite  forms,  rather 
than  nodular  graphite,  and  unsatisiactory  castings  result.  In  some  recertt experi¬ 
ments,  powdered  ferrosilicon  has  been  added  to  the  mold  before  casting,  and  this 
washes  into  the  thin  sections,  dissolves,  and  increases  the  graphitization  rate  in 
these  regions.  Considering  the  technological  importance  of  castings,  this  field  is 
badly  neglected  by  metallurgical  research  groups. 
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ULTRAH1GH  STRENGTH  MATERIALS 


Steels  have  traditionally  been  used  for  structural  applications  requiring 
high  strength.  However,  even  the  strongest  of  the  newer  steels  are  being  chal¬ 
lenged  from  several  sides  by  equally  promising  nonferrous  materials.  For  example, 
tilmnim  alloys  have  already  proven  to  be  superior  in  certain  applications,  and  glass 
composites  have  surpassed  steels  in  both  strength  and  reliability  in  others. 

Substantial  progress  has  been  made  in  recent  vears  in  steels  of  all  kinds, 
and  further  improvements  are  to  be  expected  in  the  immediate  futuic.  For  example, 
structural  carbon  steels,  such  as  ASTM  A7,  A373,  and  A36,  with  yield  strengths 
between  32, 000  and  30,  000  psi,  have  been  available  for  many  years.  High-strength 
and  high-strength  low-alloy  steels  (A242,  A440,  and  A443  )  suitable  for  use  as 
stronger  substitutes  for  carbon  structural  steels,  have  yield  strengths  ranging 
from  42,000  to  50,  000  psi  in  the  as-received  condition,  and  are  suitable  for  weld¬ 
ing  with  conventional  techniques.  Even  stronger  grades  of  structural  steels  that 
can  be  welded  are  the  heat  treated  USS  T-l  steels,  that  have  yield  strengths  in  excess 
of  90,000  and  are  available  in  thicknesses  up  to  six  inches.  Modem  designs  of 
buildings  and  bridges  often  incorporate  all  of  the  above  mentioned  grades  of 
structural  steel  in  a  single  structure 

The  upper  limit  of  tensile  strength  in  bulk  pieces  of  commercially  available 
steels  has  been  extended  to  nearly  500,  000  psi  by  the  ’’Ausform”  process  developed 
by  the  Ford  Motor  Company.  Ausforniing  consists  of  cold-working  a  steel  in  the 
austenitic  state,  but  at  a  subcritical  temperature,  prior  to  quenching  to  form 
martensite  (l2).  A  wide  variety  of  steels  can  be  Ausformed.  Alloys  that  are  very 
slow'  to  decompose  at  temperatures  near  1000°^  are  especially  suitable.  The 
process  consists  of  heating  the  steel  into  the  austenite  range,  cooling  it  to  about 
1000OF  rapidly  enough  to  avoid  decomposition,  and  then  deforming  it  by  rolling, 
forging,  or  other  processes  until  the  cross  -section  is  reduced  70  to  90  percent. 

After  deformation,  the  steel  is  quenched  to  form  martensite,  and  then  it  is  tem¬ 
pered  at  a  temperature  of  900OF  or  less.  A  typical  alloy  that  responds  well  to 
this  process  is  the  H-ll  steel  (5.  0%  Cr,  1. 3%  Mo,  0.5%  V,  0.4%  C).  Properties 
attainable  with  this  steel  in  the  Ausformed  state  are  shown  in  Fig.  10,  along  wdth 
those  resulting  from  a  conventional  beat  treatment.  One  characteristic  of 
Ausformed  steels  is  that  they  have  exceptionaJy  high  notch  toughness  combined  with 
high  strength  and  moderate  ductility.  Also,  the  fatigue  limits  of  these  steels  are 
the  highest  ever  determined  for  bulk  material. 

Another  outstanding  development  is  the  ”  Mar  aging  steels”.  They  are  es¬ 
sentially  carbonless  alloys  and  hence  are  not  truly  steels;  they  are  iron  base 
alloys  that,  after  quenching,  harden  upon  aging  to  tensile  strength  levels  as  high 
as  300,  000  psi  (***).  A  typical  composition  consists  of  15%  nickel,  9%  cobalt,  5% 
moiybden  m,  and  0. 5%  titanium.  The  treatment  consists  of  heating  to  above  the 
critical  temper  I* ure  (about  loOOOFi  followed  by  air  cooling  to  room  temperature. 
Quenching  is  no*  necessary  and  so  full  hardness,  produced  by  subsequent  aging  at 
about  9Q0°F.  can  be  obtained  in  pieces  of  any  thickness. 
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At  tensile  strength  levels  of  250, 000  to  300,  000  psi,  Maraging  steel.,  have 
about  twice  the  ductility  of  conventional  alloy  steels.  Furthermore,  their  notch 
toughness  at  high  strength  levels  is  excellent.  Welding  can  be  done  before  aging 
without  causing  adverse  effects. 

High-strength  titanium  alloys  are  also  finding  important 
uses.  Alloys  6A1-4V  (6%  Al,  4%  V)  and  120  VCA  (3%  Al,  13%  V,  11%  Cr)  are 
examples  of  outstanding  materials.  Some  properties  of  these  alloys  are  given  in 
the  following  table; 


Alloy 

Condition 

Yield 

Strength,  psi 

Yield 

t 

Strength,  psi 

% 

Elongation 

Charpy 
Vr  Notch, 
ft.  lb. 

6A1-4V 

Annealed 

125,000 

135,000 

20 

25 

6A1-4V 

Heat-treated 

147,  000 

164,000 

20 

17 

120  VCA 

Annealed 

135,000 

145,000 

23 

6 

120  VCA 

Heat-treated 

185,  000 

203,000 

5 

1.5 

Titanium  alloys  can  outperform  aluminum  alloys  in  some  supersonic  air¬ 
craft  applications.  Aluminum  alloys  cannot  be  used  for  leading-edge  skin  surfaces 
when  speeds  exceed  about  1400  miles  per  hour  because  of  aerodynamic  heating. 
Titanium  alloys  retain  their  strengths  at  higher  temperatures,  however,  and  can  be 
used  as  skin  material  for  supersonic  planes  with  speeds  up  to  about  2000  miles  per 
hour. 


It  is  of  interest  to  examine  where  technology  now  stands  with  respect  to  the 
theoretical  upper  limits  of  strength.  The  ratio  of  attained  to  theoretical  strengths 
is  only  about  0.3,  and  so  there  is  still  plenty  of  room  for  advancement! 

Composite  glass  - resin  structures  have  replaced  metal  parts  in  a 
number  of  important  applications,  including  large  rocket  motor  cases.  Glass 
fibers  are  extremely  strong,  with  tensile  strengths  exceeding  500,  000  psi.  Glass 
can  be  made  in  continuous  fiber  form,  and  wound  on  mandrels  into  useful  shapes. 
The  fibers  are  subsequently  bonded  together  with  resin.  The  glass  fibers  carry  the 
load,  and  the  resin  provides  impact  toughness.  In  filament-wound  cylinders,  hoop 
stresses  exceeding  80,000  psi  can  be  sustained,  and  the  strength-to- weight  ratio  of 
about  one  million  exceeds  that  of  aluminum  or  titanium  alloys.  Lower  cost  fiber¬ 
glass  structures  are  in  common  use  in  applications  where  high  strength  is  not 
necessary  but  light  weight,  toughness,  and  corrosion  resistance  are  desirable. 
Small  fiberglass  boats  {up  to  about  25  feet  in  length)  are  one  good  example.  There 
are  indications  that  fairly  extensive  use  may  be  made  of  fiberglass  structures  in 
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the  automotive  anti  oilier  Industrie  s  in  the  not  too- distant  future.  Composites  are 
the  most  promising  class  oi  materials  under  current  development. 


o  i  u  s  s  in  buik  iorm  nub  nwi*i  m  t  u  i  iuu&iy  consiucri'u  as  a  structural 
material  uecause  of  its  brittleness.  However,  there  are  indications  that  brittle 
substances  such  as  glass  can  be  used  successfully  at  very  high  stress  levels. 
Tensile  strengths  of  the  order  of  1 ,  U00,  000  psi  have  been  reported  for  glass  fibers. 
The  problem  of  making  large  structures  «>i  glass  strong  has  been  at  least  partially 
solved  in  recent  years  by  methods  that  are  not  applicable  to  ductile  metals. 


Cracks  in  giass  start  from  surface  flaws,  and  surfaces  cannot  be  protected 
from  abrasion  when  in  service.  Consequently,  the  approach  to  high  strength  has 
been  to  place  the  surface  in  a  state  of  high  residual  compressive  stress.  Pre¬ 
stressing  of  surfaces  is  an  old  art,  but  its  full  potential  has  never  been  realized. 
Numerous  experiments  have  established  that  glass  behaves  elastically  up  to  stres¬ 
ses  of  the  order  of  one-half  million  pounds  per  square  inch.  Thus,  it  is  theoretically 
possible  to  induce  favorable  residual  stresses  of  this  magnitude  in  surface  layers. 


Several  methods  for  prestressing  glass  have  been  devised.  The  three 
general  processes  in  use  are;  (1)  chilling  the  surface  layers  of  hot  glass,  (2)  en¬ 
casing  a  hot  glass  object  in  another  glass  having  a  lower  coefficient  of  expansion, 
and  (3)  diffusing  a  large  ion  into  the  surface  layer.  The  first  method  is  the  oldest. 

It  is  accomplished  b>  cooling  the  surface  layer  below  the  temperature  of  the  interior. 
This  causes  a  tensile  stress  to  develop  in  the  surface  and  the  glass,  which  is  still 
above  the  softening  te  nperature,  vdl  flow  under  the  action  of  the  stress.  The 
surface  layer  is  thus  stretched  so  that  it  is  longer  than  it  should  be  to  fit  over  the 
unstretched  core  of  material,  but  nevertheless,  it  must  remain  in  physical  contact 
with  the  interior  portion  during  and  after  cool  mg.  When  thermal  equilibrium  is 
finally  reached  at  ambient  temperature,  the  surface  layer  is  forced  to  occupy  a 
smaller  area  than  it  would  if  it  were  free  from  the  core.  Thus,  there  is  established 
a  surface  compressive  stress,  the  magnitude  of  which  may  reach  a  value  as  high 
as  20,000  psi.  Fracture  cannot  occur  by  surface  flaw  growth  until  the  service 
stress  exceeds  the  residual  stress. 


In  the  second  method,  a  glass  object  is  coated  while  hot  with  a  thin  layer  of 
another  glass  having  a  higher  coefficient  of  expansion.  While  the  temperature  is 
above  the  softening  point  of  either  glass,  flow  can  occur  to  relax  any  stress  that 
might  develop.  At.  lower  temperatures,  however,  the  interior  portion  contracts 
more  with  decreasing  temperature  than  does  the  outer  layer,  and  this  causes  sur¬ 
face  compressive  stresses  to  develop.  It  is  theoretically  possible  to  induce  higher 
stresses  in  glass  objects  by  this  method  than  by  the  surface  chilling  process,  but  is 
more  complicated  to  execute  and  more  difficult  to  control.  However,  this  principle 
has  been  used  with  great  success  for  strengthening  ceramic  bodies.  Glass  coating 
of  polycrystalline  ceramic  objects  to  produce  superior  strength  is  receiving  in¬ 
creasing  attention.  Greater  differences  in  coefficients  of  expansion  exist  with 
glass-ceramic  composites  than  is  possible  or  practical  to  attain  with  glass-glass 
structures,  and  so  higher  surface  stresses  are  possible.  It  is  within  the  realm  of 
possibility  for  such  stresses  to  reach  500,  000  psi,  but  such  high  values  have  not 


yet  been  realized.  The  future  promise  is  great,  however,  because  even  at  this 
early  stage  of  development,  tests  on  bulk  samples  having  strengths  of  240,  000  psi 
have  been  reported  (14)  and  dinnerware  with  a  strength  of  about  40, 000  psi  is 
already  in  commercial  production. 

An  ion  exchange  method  has  also  been  developed  for  providing  surface 
compressive  stresses  (**>).  This  process  involves  the  exchange  of  small  lithium 
ions  by  the  larger  sodium  or  potassium  ions  in  a  surface  layer  several  thousandths 
of  an  inch  deep.  The  exchange  is  made  over  a  period  of  several  nours  at  about 
400°C,  a  temperature  too  low  for  stress  relief,  Products  already  in  production 
have  flectural  strengths  in  service  that  exceed  50,000  psi. 

There  are  good  reasons  to  believe  that  bulk  glass  objects  having  tensile 
strengths  of  several  hundred  thousand  pounds  per  square  inch  will  soon  become 
available. 
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Fig.  4  Schematic  Drawing  of  Ultrasonic  Welding  Unit 
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Fig.  8  Molecular  Structure  of  Epoxy  Resin  Molecule 
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DKSARROLLO  Y  PLAIT  DE  ACTIVIDADES  DEL  LABOHATOKIO  DE 
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Alien  so  Gaggero  y  Bias  Melissari 


1 .  Necesidades  de  asesoranvento  tdcnico  y  control  de  laboratorio  para  la 

Industria  de  la  PundieiOn  de  Metales  en  el  Urnguay. 

1. 1.  Situacifln  actual  de  la  Industria  de  la  Fundieidn  de  Metales. 

Es  diffcil  concretar  con  cifras  la  situaciOn  de  la  industria  de  la  fundiciOn 
en  el  Uruguay.  Los  datos  oficiales  mas,  recientes  que  hemos  podido  obtener  son 
los  que  suministra  la  DireeciOn  de  Industrias,  datan  de  1960  y  son  muy  incomple 
tos.  No  obstante,  a  los  efeetos  de  dar  una  idea  de  la  magnitud  de  esa  industria 
en  el  Uruguay,  proporcionaiemos  algunas  cifras  a  las  que  hemos  llegado  recu- 
rriendo  a  diversas  fuentes  de  informaciOn  y  condensando  los  primeros  resulta- 
dos  de  un  relevamiento  tdcnico  de  fundiciones  que  iniciO  nuestro  Departamento 
haee  algunos  meses  y  esperamos  proseguir  hasta  coneluirlo,  pues  resultard  muy 
util  para  la  labor  que  nos  proponemos  realizar. 

Es  muy  probable  que  una  vez  conclufdo  dicho  censo  las  cifras  que  se  obten 
gan  sean  distintas  de  las  que  daremos  ahora,  pero  con  toda  seguridad  no  modifica 
rdn  la  idea  que  con  ellas  daremos  acerca  de  la  magnitud  de  la  industria  de  la  fun- 
dicifln  en  nuestro  pafs. 

Los  datos  se  refleren  exclusivamente  a  Montevideo  y  sus  alrededores,  gi- 
gante  cabeza  industrial  del  pafs,  dentro  de  lo  que  puede  llamarse  gigante  en  un 
pafs  pequefio,  de  industria  metaltJrgica  adn  incipiente,  que  carece  de  recursos  na 
turales  econdinicaraente  convenientes  para  sustentarla. 

Existen  unos  30  establecimientos  donrie  se  funden  metales  ferrosos,  inclu 
vendo  entre  ellos  5  pertenecientes  a  organismos  estatales.  Esos  estabiecimien- 
tos  dan  ocupaciOn  a  Y00  obreros,  si  computamos  como  tales  los  que  trabajan  en 
^  propio  taller  d8  fundicidn,  en  moldeo,  fusion,  rebabado,  etc. ,  pero  dejamos  de 
lado  todos  los  que  se  ocujian  en  la  terminaciOn  de  las  piezas,  maquinado,  ensam- 
blado,  etc.  La  produeelOn  global  puede  estimarse  en  10.  000  toneladas  anuales  de 
fundif  I6n,  acero  y  aleaeicHies  ferrosas  de  todo  tipo.  En  esos  establecimientos  hay 
cerca  dc  40  homos  de  cubilote,  cqto  una  capacidad  de  producciOn  total  de  55  tonela 
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das  por  hora,  do  a  coDvertidores,  un  hovno  Siemens  Martfh  y  cuatro  hornos  eldc- 
tricos  de  arco  do  diversos  tipos  para  la  produccita  do  fundicidn  y  aceros  especia 

lao> 


Si  tiejamos  de  lado  aqueiios  estabiecimientos  que  prcducen  lingoi.es  de 
aceropara  laminacidn,  quo  emplean  para  ello  lingoteras  metJtlicas,  la  mayor 
parte  fabrica  piezas  colando  en  moldes  de  tierra  arcillosa  excepcionalmente  sintd 
tica,  con  un  control  de  laboratorio  que  sdlo  se  lleva  a  cabo  en  tres  de  loe  e  stable- 
cimientos  mds  importantes. 

La  gran  mayor  ib  de  las  fundiciones  de  fcrrosos  eon  dirigidas  por  personas 
del  oficio  ecu  larga  experiencia,  siendo  muy  pocas  las  que  cuentan  con  el  asesora 
miento  de  an  tdcnico  de  nivel  universitario. 

Hay  alredodor  de  100  cstablecimientos  donde  se  funden  piezas  de  metales 
no  ferrosos,  incluyendo  algunos  donde  csta  operacidn  se  hace  adem&s  de  la  fundi 
cidn  de  ferrosos,  En  la  mayor fk  de  los  casos  se  trata  de  pequeiios  talleres  don- 
dc  trabajan  menos  de  5  obreros.  En  total  ocupa,  exclusivamente  en  la  parte  de 
fundicidn,  cerca  de  500  obreros  y  se  estima  la  produccidn  total  en  4000  toneladas 
anuales  de  aleaciones  no  ferrosas. 

En  su  gran  mayor  lb  estos  talleres  estdn  muy  poco  tecnificados,  trabajan 
con  tierras  naturales  con  una  prcparaci  On  muy  elemental  y  sin  control  alguno  de 
laboratorio.  Sin  embargo,  existen  algoias  fondiciones  donde  se  trabaja  con  tierra 
sintdtica  controlada,  e  inclu3o  con  mdtodos,  mdquinas  y  materiales  de  moldeo  es- 
peciales,  mds  avanzados.  En  algunos  estableclmientos  se  fabrican  piezas  por  el 
proceso  de  inyeccidn,  existiendo  en  el  pafs  alredodor  de  una  docena  de  mdqumas 
para  fundicidn  por  inyeccidn.  En  lo  que  respecta  a  la  fusion,  la  gran  mayorib  la 
lleva  a  cabo  en  hornos  de  crisol  de  pozo  o  volcables,  a  gas  oil,  pero  hay  algunos 
homos  clfictrieos  de  induecidn  en  funcionamiento  en  las  fundiciones  del  paflB. 

Las  condiciones  tdcnicas  de  trabajo  de  estos  talleres  son  similar es  a  las 
de  las  fundiciones  de  hierro  y  acero. 

Crecmos  haber  dado  con  estos  datos  una  idea  de  la  magnitud  actual  de  la 
industria  de  la  fundicidn  en  el  Lruguay.  Como  podrd  observarse,  es  limitada  en 
cuanto  a  produccidn,  y  mds  adn  en  cuanto  a  su  desenvolvimiento  tdcnico.  lo  prj. 
raero  se  ejqplica  porque  debo  servir  a  un  mercado  consumidor  restringido,  la  ex- 
portacidn  en  las  condiciones  actuates  es  prdoticamente  imposible  y  pueden  verse 
machos  taUeres  fabticando  piezas  si  mil  arcs,  <  ompitiendo  en  una  plaza  ya  satura 
da,  lo  que  finalmunte  result!  en  un  encareeirnfento  notable  por  la  inmensa  varie- 
dad  de  piezas  y  la  pequeiia  cantidad  de  eada  una  de  ellas  que  debe  fabricar  cada  in 
dustrial. 

Evidente monte  esta  situacidn  dificulta  eJ.  pre^-oso  tdcnieo  de  las  fundicio¬ 
nes.  Es  diffcil  hacor  comprender  al  industrial,  apremiado  por  los  problemas  de 
abatimiento  de  costo,  las  ventajas  que  puede  reportarle  una  inversion  a  relativa- 
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mente  Urgo  plazo  ecino  lo  serlb.  ana  mayor  tecniiieacidn  cle  eu  empress. 

1 . 2.  Iriccrv  ententes  derivados  del  .nsuficiente  asesoramiento  idcnico  y 

control  de  laboratorio  exislente  eu  las  fundiciones. 

La  ii-adecuitda  asistencU  Ldcnica  de  la  mayorfe  de  las  fundiciones  da  lugar 
ana  serie  ae  problemas.  No  se  emplean  ios  materiales  mis  adecuados  tanto  na 
.a  el  r.uldeo  como  j>ara  la  tusidn,  ?o  que  da  lugar  a  un  encarecixniento  y  ana  eali- 
oar  que  no  es  sieropre  la  inis  deseable.  Esto  es  aplicable  a  los  materiales  de 
u.c.laeo,  la  carga  de  los  hornos  de  fusidn,  los  materiales  agregados  al  metal  fundi, 
oo,  etc. 

El  elevado  porcentaje  ae  piezas  de  reehazo  nos  habla  de  los  p»erjuicios  que 
X.rovoca  la  combinaeiOn  de  la  serie  de  faetores. 

El  jierjuicio  eocndmico  se  agrava  despues  cle  un  considerable  trabajo  meed 
nico  score  las  piezas,  luego  del  eual  se  observan  los  defectos  que  con  la  pieza  tal 
como  sale  de  la  lundicidn  no  se  denotan. 

El  control  de  laboratorio  posibilita  el  mantenimiento  de  un  nivel  de  cal  ida/I 
Luaccesibie  de  otro  mode,  por  lo  que  la  carencia  del  mismo  atenta  contra  la  cali- 
dad  que  debe  e.dgirse  a  la  produeeidn  de  una  industria  progresista.  En  aquellos 
lagares  donde  actualmeute  se  practiea  pueden  ob3ervarse  resultados  satisiactorios. 


i .  3.  Necesidad  de  central?  zar  el  asesoramiento  tdcnico  de  laboratorio  a  las  fun¬ 
diciones  y  conveniencia  de  desarrollar  a  esos  efectos  el  Laooratorio  de 
Fundicidn  del  Departamento  de  Metales  del  Instituto  de  Tecnologfa  y  Qufmi 
ca  de  la  Facultad  de  Ingenierfe  y  Agrimensura. 

Demostrada  la  conveniencia  de  dotar  a  las  lundicicnes  de  an  adecuado  ase¬ 
soramiento  tecnico  de  laboratorio,  surge  ia  necesidad.  de  centralizar  el  mismo  en 
alguna  institucidn  pdblica  o  privada  capacitada  para  ello. 

No  es  posible  exigir  que  cada  taller  tenga  su  equipo  y  persona  capaz  de  ase 
sorarla.  Hicimos  notar  la  gran  cantidad  de  pequefias  empresas  que  existen,  en  las 
cuales  resulta  obviamente  astieconOmica  la  contratacidn  de  un  tecnico.  En  los  e3- 
tableeimientos  que  euentan  con  cicho  tecnico,  pocas  veces  se  justifies  la  inversion 
que  signifies  un  costoso  equipo  de  laboratorio  y  ademis  los  problemas  de  produc- 
cifln  ocupan  la  mayor  parte  del  tiempo  del  tecnico,  impididndole  encarar  con  la 
tranquilidad  suficientc  los  problemas  que  no  llegan  a  detener  la  produccifin  pero  la 
afectan  desde  el  punto  de  vista  de  la  calidad  o  la  economic. 

Centralizando  la  labor  de  asesoramiento,  ts  mis  posible  contar  con  ios  me 
dios  sulicientes  como  para  poder  disnener  de  un  equipo  humano  y  tecnico  especiali 
zado,  que  pueda  trabajar  con  mis  tranquilidad  en  los  problemas  que  se  le  planteen. 
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En  los  paftees  industrializados  ea  pocible  dejar  librada  esa  tarea  a  la  ini- 
eiativa  privada,  no  asf  en  el  nuestro  donde  eso  signlfica  inevitablemente  una  fuer 
te  ii:vers£6n  a  csuy  largo  plazo,  previa  una  campana  de  orientaciAn  del  industrial 
y  jerarquizaciAn  del  organismo  asesor,  que  ningdn  particular  estarfia  dispuesto  a 
emprender. 

Por  tai  inotivo  ee  que  debe  cumplir  esa  tarea  un  organismo  pdblico,  que 
cuente  con  antecedentes  en  ese  tipo  de  trabajo  y  disponga  del  material  humano  y 
de  laboratorio  imprescindible  para  ello. 

El  Institute  de  Tecnologfe  y  Qufmica  de  la  Facuitad  de  Ingenierfk  y  Agri- 
mensura  redne  las  condiciones  mis  adecuadas  para  prestar  el  asesoramiento  tdc 
nico  que  requieren  las  fundiciones,  a  travAs  de  su  Departamento  de  Metales. 

El  Institute  de  Tecnologife  y  Qufmica  tiene,  adernds  de  las  labores  docen- 
tes  que  cumple  con  las  disciplinas  alines  a  sus  funciones,  la  misiAn  de  prestar 
asistencia  tdcnica  a  la  industria  a  travAs  de  sus  cuatro  departamentos:  metales, 
cerimica  y  plisticos,  textiles  y  productos  celulAsicos  y  andlisis  tdcnicos. 

En  ese  sentido,  tiene  ya  una  larga  tradicidn  de  colaboracidn  con  industria 
les  y  tdcnicos  que  a  dl  se  dirigen  para  buscar  datos  bibliogrlficos  referentes  a  un 
problema,  pedir  recomendaciones  o  ensayos  adecuados,  etc. 

El  Departamento  de  Metales,  que  estaba  equipado  funda rrentalmente  para 
la  realizacidn  de  algunos  trabajos  metalogrifico3  y  de  tratamieutos  tdrinioos,  re 
sultaba  asf  el  indicado  para  prestar  la  asistencia  tdcnica  que  pudieran  requerir 
las  fundiciones,  siempre  que  se  coneiguiera  dotarlo  del  Laboratorio  de  Fundicidn 
necesario  para  ello. 


2.  Asistencia  Tdcnica  recibida  de  la  Repdblica  Federal  de  Ale  mania 
para  el  desarrollo  del  Laboratorio  de  FundiciAn. 

2.1.  Gestiones  realizadas  para  el  desarrollo  del  Laboratorio  de  FundiciAn  que 
dieron  lugar  a  la  prestaciAn  de  Asistencia  Tdcnica  por  parte  del  Gobierno 
de  la  Repdblica  Federal  de  Alemania. 

Desde  su  creaciAn,  el  Departamento  de  Metales  tratA  por  todos  los  incites 
de  poder  disponer  de  un  laboratorio  para  estudiar  problemas  de  fundiciAn,  y  con- 
tar  con  personal  entrenado  para  poder  trabajar  con  ese  laboratorio.  A  esos  efec 
tos  se  insistiA  ante  las  autoridades  universitarias  en  procura  de  los  medios  nece- 
sarios  y  se  estableciA  un  contacto  con  algunos  de  los  establecimientos  mis  impor 
tantes  del  ramo  a  los  efectos  de  sondear  la  colaboraciAn  que  ellos  podrftui  prestar 
en  caso  de  concretarse  en  algdn  momento  esas  aspiraciones. 


Los  problemas  ecoxi(5ir  ico&  y  i-i.s  i  eceiUoaci.es  mfl.&  apremiantee  del  Institato 
al  cual  pertencce  el  Dcf-ai  tacnejilo  locroi  pi.sisrgando  lot.  proyectos.  S61o  se  puclo 
confcar  co,:  la  colaboraciOn  de  un  euiableci.-nicnlo  dotaao  da  equlpo  do  eusayo  de 
ILrras  de  m  J.ceo  ei.  el  Cual  cl  personal  oel  Departarnenio  hizo  algunas  experien- 
cias  en  esc  campo. 


A  los  efectos  de  acelerar  el  j.  rococo  de  desanrollc  del  Laboratorio  se  soli 
eitO,  por  intermedin  ce  sat  rcjs.'ecenUii.iX's  ei  nueslro  jtars,  la  cooperacidn  de  Or 
ga>>i&mos  Internacionales  y  nacJo  'es  oe  grai ■  tesarrollo  indu  trial  que  suelen  pre£ 
Ur  cclaboracidn  en  eslos  eases. 


Respond iendo  a  n.estro  pedido,  ei  Gorier  1  o  ae  Ja  Lepdbliea  Federal  de  Ale 
mania,  resolvid  donor  eqei]  o  para  ei  esu-dio  de  tierras  de  moldeo  para  fundiciOn 
de  m  eta  les  y  caviar  doc  expert  os  que  vendrfkn  a  enlrenar  al  personal  de  laborato 
rio  en  ei  empleo  del  mis  mo  y  su  aj  »licac'>6n  a  los  problemas  r> '".cion  ales. 

Durants  un  viaje  que  realiz ara  a  E.  rona  ei  Jefc  oe’  Departamento  de  Meta 
les,  tuvo  op  or  t  aide  ad  oe  eonocer  a  uno  dc  los  expertos,  ei  Dr.  Neumann  y  discutir 
con  61  acerca  del  equipo  que  el  Gobierno  alcncufa  oroyectaba  enviar.  Si  bien  no  fud 
posible  contemplar  algunas  sugereneias  realizadas  en  esa  oportunidad,  este  inter- 
cambio  did  lugar  a  uno  importante  ampliacidn  en  la  donacidn  efectuada  y  la  mas 
amplia  colaboracidn  del  experto  en  los  problemas  que  desde  aquf  le  planteamos. 


2. 2.  Equipo  donado  por  el  Gobierno  Aleman  tiara  la  instalaciOn  de  un 

laborator  io  de  enady  o  de  tierras  de  moldeo. 

A  los  efectos  de  tener  una  idea  dc  lac  posibilidades  del  equipo  que  donara 
el  Gobierno  Alemdn  al  Laboratorio  de  Fundicidn,  detallaremos  los  elementos  que 
lo  componen. 

1.  Aparato  para  determinaeiOn  rapid  a  de  humedad,  con  ldmpara  infra  - 
roja. 

2.  Aparato  para  determinar  contenido  de  materiales  finos,  con  agita- 
dor,  calef actor  y  soporte. 

3.  Aparato  para  hacer  el  andlisis  granulomOtrico  de  arenas,  con  vibra 
dor  y  cinco  tamiees. 

4.  Compactador  para  la  preparacifln  de  probetas  eillhdricas. 

5.  Aparato  para  el  ensa/o  de  permeabilidad. 

6.  Aparato  para  ensayos  de  resistencia,  con  mordazas  para  compre- 
sidn  y  coite. 

7.  Aparato  para  determinar  la  resistencia  a  la  tracciOn  en  verde. 

8.  Aparato  de  Enslin  para  determinar  la  hinchabilidad  de  arcillas. 

9.  Aparato  para  la  deterrainacifln  de  gases  producidos  por  los  materia 
les  dc  nioldeo,  con  un  horno  de  combustion  para  temperaturas  hasta 
1  iOO°C,  pirdmetro  termo-eldctrico,  navecillas  y  tubos  de  combus¬ 
tion  de  porcelana. 
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10.  Aparato  G.  Fischer  para  la  determinacita  del  Area  superficial  ee- 
pecfCica  de  arenas  de  base. 

11.  Aparato  G.  Fiecher  para  determinar  la  capacidad  de  abeorcidn  de 
ague  de  arenas  de  base. 

12.  Aparato  para  madida  de  duress  de  tierras  do  mokSeG. 

13.  Consistdmetro  Haake,  para  hacer  determinaciones  fflsioas  (rests- 
tencia,  viscosidad,  etc. )  de  distintos  materiales. 

14.  Estufa  con  regulacidn  automdtica  de  temperatura  hasta  300°C. 

15.  Homo  de  xnufla  de  alta  temperatura,  hasta  2000°C,  con  trausfor- 
mador  y  accesorios  de  control,  de  40  kW. 

16.  Microscopic  binocular. 

17.  Mezcladora  de  laboratorio  para  tierras  sinteticas  y  de  noyoe,  capa 
c triad  4  kg. 

18.  Mezcladora  de  taller  para  preparacita  de  hasta  50 1  de  tierra,  con 
vagoneta  dd  transports. 

19.  Molino  de  Muelas  G.  Fischer  tipo  Simpson  para  laboratorio. 

20.  Balanza  de  precision  tipo  trebouchet  con  capacidad  200  g. 

21.  Balanza  de  precision  tipo  trebouchet  con  capacidad  5000  g. 

22.  Jucgo  compieto  de  tamices,  de  acuerdo  a  la  norma  DIN  1171. 

23.  Extractor  de  muestras. 

El  equipo  creemos  que  todavfa  puede  ampliarse,  a  on  dentro  de  la  donacidn 
alemana,  pues  los  mismos  expert  os  solicitar  cn  el  envfo  de  diversos  dispositivos 
que  agrcgados  a  los  aparatos  ya  rocibidos  permiten  la  ejecucidn  de  una  eerie  de 
ensayos  importantes  para  el  cstudio  de  materiales  de  meldeo,  como  ser  resisten 
cla  a  la  flexidn,  permeabilidad  en  seco,  permeabilidad  so  calieaie,  etc. 

Con  motivo  de  no  haber  side  todavlh  fabricado  para  su  comercializacite, 
nopudimos  recibir  el  aparato  para  determ inar  la  resistencia  en  hdmedo  de  tierras 
de  moldeo  en  verde.  No  obstau'e,  los  expertos  trajeron  consigo  un  aparato  cons- 
truido  y  empleado  en  los  laboratories  de  Giesserei.  Institut  de  Aachen  par  sus 
creadores,  al  sOlo  efecto  de  entrenar  al  personal  en  el  empleo  del  mismo,  eon  la 
poeibilidad  de  que  se  logre  el  envfb  del  aparato  una  ves  que  so  encuentre  disponi- 
ble  an  el  comercio. 

Es  importante  poner  aquf  de  manifesto  que  este  aparato  se  emplea  para  de 
termhxar  una  propiedad  que  corrientemente,  en  la  bibUograflk  y  la  tdcnica  araerl- 
cana,  no  se  enaplea.  El  cencepto,  la  determinacifo  y  la  importancia  de  esa  propie 
dad  cn  el  estudio  de  las  tierras  de  moldeo  tiene  origen  en  los  laboratories  de! 
Giesserei  Institut,  de  dond:  proceden  los  doe  expertos  envisdos  por  el  Gobieroo 
Aleman. 


2. 3.  Programa  desarrollado  por  los  expertos  ale  manes. 

La  labor  desarrollada  per  los  expertos  alemanes  Dr.  ing.  F.  Neumann  y 
Dipl.  Ing.  H.  G.  Tr  amp  Iu6  para  nocolros  de  gran  interds  y  utiiidad.  En  el  breve 
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perfodo  ec  5  sen. anus  die  Ur  on  un  eurnillo  intensive,  pusieron  a  junto  algunos  ins- 
Lrutnenlot ,  cot  trolaron  tone  el  equipo,  n  os  instruyeron  ea  algunos  aspect  os  espe- 
u iities  del  'i'-  CK-  amie/slo  del  L-.tiirumeniai,  nos  ayudaron  y  orientaron  en  la  puesta 
on  tnarcka  del  laboratorio  y  visitaron  aigunus  fund iei ones  en  Montevideo.  Nos  pro 
poicioiiaron  tambidn  iiuormacidn  eientftiea  muy  valiosa  eatractada  de  los  mds  re- 
cie  ties  trabajos,  sobre  todo  aq.ieilos  re-xlizabos  en  Alemania  y  en  especial  en  el 
Giesscrei  Ji.stii.ii  de  Aachen. 


El  cur oblo  dictado  versd  co.br e  ”  Mater  rales  do  Moldco  para  Fundicidn,  eus 
Propiedadec  y  Ensayos”.  Un  suinario  caquemdtieo  de  los  ternas  desarroUados  es 
el  c  .guienLe: 

1.  lTopicda-Jes  do  las  areil.Us  aglor.icrantes  y  ou  ensayo. 

2.  Fropiedades  de  Us  lierras  de  molded  con  aglo.tnerante  arcilloso  y 
su  ensayo. 

j.  Velecios  it*.-,  las  piezas  fundi  das  ocasionados  por  el  material  de  mol 
dso. 

4.  Maierialet  de  moldeo  con  aglomerante  no  arcilloso  y  especiales. 

ii.  Adi  lives  para  k  s  materiales  de  molceo,  separadores,  revestimieiy 

tos. 

6.  CoiiipLlacid.':  de  los  mdtodor-  de  e-mayo  sn(k>  i.uportantes. 

Despertaron  ;m  vivo  mierds,  c-ntre  los  tec  .as  iratadcs  algunos  como  los 
j-xe  rneiioonaiijos  a  conti ouaeido  por  vfe.  de  eiemplo:  dentro  del  Capftulo  1  se  puso 
esjiecial  diifasis  en  la  beierminacidn  de  drea  superficial  especifica  mediaute  el  en¬ 
sayo  de  adsorcidn  de  azul  de  mettles  o  y  su  vinouiaoidit  a  ei  contenido  de  montmo 
rillo/iita  en  las  areillas. 


En  el  eapftalo  f  se  ir-trodujo  el  conoepto  denominado  ”resistencia  en  Mine 
do”  de  las  tier  ran  oe  molded,  es  deeir  la  resistencia  a  la  traccidn  de  la  llamada 
zona  be  condenaaoifiii  qie  es  la  zona  m3 s  ddbil  del  rnolde  y  caya  resistencia  intere 
sa  por  tanto  obtener  como  fiidice  ue  susceptibilidad  a  los  defectos. 

Intere s6  tambidn  en  ese  capftulo  el  estudio  de  los  efectos  de  la  activacidn 
con  carbonato  dc  sodlo  sobre  las  propiedades  de  las  tierras  de  moldeo  y  en  espe¬ 
cial  sobre  la  ”resistencia  en  Mmedo"  que  permite  determinar  el  grado  de  activa- 
eidn  de  una  tierra  y  establecer  el  agregado  de  carbonato  de  sodio  requerido  para 
lograr  la  aetivaeidn  Optima. 

En  ei  cap  ftulo  J  se  prestd  especial  atencidn  a  los  defectos  derivados  de  la 
expansidn  de  la  tierra  tie.  moldeo  y  su  .vinculacidn  con  la  "Resistencia  en  hdmedo” 
y  los  csfuerzos  de  compresidE. 


En  el  capft  • io  '  deeper  tar  on  especial  interds  en  ei  pdblico  asistente  algu- 
nas  infer mae i.»n eu.  sobre  proeesos  esr»ecia].e&,  por  ejempio  sobre  el  moldeo  con 
arenas  con  eeroento  poi  Hand,  el  proceso  de  endurecimiento  con  CO2,  proceso 
Croning,  proceso  S>  a*,  mdtodos  a  eera  perdida,  etc. 
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A1  ov,  ciiio  fueron  ei:'*eeial.'ocrjte  in/iiadoC:  pcrcc  al  UJcnico  tic  Us  i'undieio 
,_cc  -  ^cicrilcc,  profecionalee  y  ectudiantec. 

be  coned  con  una  aoistencia  que,  dada  la  fttdole  y  cspceializacidn  del  teti<a 
j  lc  U  Lcnsivo  del  curso  (m*G  de  dos  hcras  tedrieas  todoc  ioc  drac  durante  10  dike) 
pooki  ccrtiderarsc  ele>'ada. 


Log  tdcnicos  de  la  industria  cncontraron  suniamcnte  inicresantc  el  cur  to, 
del  cia.1  padieron  temar  nuevas  ideas  y  que  les  perinitid  ccaiocer  mdiodos  y  esiu- 
dio£  que  no  lee  eran  familiares  y  que  en  algunoc  cacos  con  tic  wuy  recie.ite  reali 
zaoidr,  inclayendo  algunoc  trabajos  indditoc  todavfe. 

be  realizd  tanibidn  una  clase  pr^ctica  de-r.oeiraliva  en  cl  la.t  .oratorio  ccieo 
conq  lemon  to  cel  curciLio. 


El  Dr.  Neumann  dictfi  ademas  una  confercneia  cobrc  fusion  en  liomo  de  cu 
LilcLe  quo  despertd  un  considerable  interds. 

i jsl  tarea  fundamental  desarrollada  por  nuestros  distinguidos  visitantes  con 
tic  Lid  en  trabajar  ei:  nuestro  laboratorio  conjuntamente  con  tree  docentes  y  un  es- 
taciante  becario  ae  maestro  Instituto,  entrendndonoc  en  el  eirpleo  del  nuevo  labora 
loric. 


Sc  iniciaron  larabidn  e studios  sobre  una  tierra  natural  exnpleaca  en  algunac. 
iimdicionec  j  cobrc  una  tierra  sintdtica  que  preparamos  con  una  bentcr-ita  imperta 
da  c»*  use  en  una  fundicidr.  local. 


Sc  hicieron  tambidn  algunos  estudios  preliminarcc  sobre  una  arcilla  inorit- 
mcrl.Uonftica  extraftia  de  un  yacimiento  nacional.  Los  primeros  resultados  obtei 
doc  set.  aientadorec  puee  muestra  muy  buenas  propiedad.ee,  superiores  a  las  de  la 
Lei  Loiita  importada  e.nsayada,  y  se  logra  una  marcada  aetivacidn  coi  carbonato  ce 
codio. 


lTo^  a/na  de  Asisie.'Cia  Tdcnica  a  la  Indu stria  per  el  Laboratorio  de 
“  -ndieid’i  de  Metales 


El  Instituto  de  Tecnolcgfti  y  Qufinica  al  cual  perteneee  este  Laboratorio, 
besarrolla  gup  funciones  fundamentalmente  en  los  siguientes  campos:  a)  docencia; 
b)  irvestigacidr.;  c)  realtzacidn  de  los  ensayos  que  se  le  solicitau;  d )  asesoramien 
lo  en  problcmas  especial es,  particularmente  aquellos  que  requieren  estudios  y  tra 
bajos  tit.  iaboratoric  para  ser  dilucidados. 

Todas  ectac  modalitiadcs  de  su  actividad  permiten  prestar  asistencia  tdeni- 
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ca  a  la  Industrla  nacional  directa  o  indirectamente. 

Nos  proponemos  desarrollar  esas  actividades  en  el  nuevo  Laboratorio  dan 
do  naturalmente  especial  dnfasis  por  el  momento  a  aquellos  aspectos  de  la  tdcni- 
i-a  do  la  Fundicidn  para  cuyo  estudio  estamos  mejor  equipados  en  la  actualidad. 

Por  ese  motivo  pensamcs  iniciar  trabajos  referentes  a  materiales  de  mcri 
deo  para  cuyo  estudio  contamos  fundamentalmente  con  el  instrumental  donado  por 
el  Gobiemode  la  Repdblica  Federal  dc  Alemania. 

Pasamos  a  describir  el  plan  de  trabajo  estructurado  sobre  estas  bases. 


3.1.  Estudio  de  las  tierras  de  moldeo  empleadas  en  el  Uruguay. 

3.1.1.  Examen  en  las  condiciones  de  utilizacidn. 

Unas  pocas  fundiciones  del  Uruguay  poseen  algunos  aparatos  de  ensayo  de 
tierras  de  moldeo  con  los  cuales  pueden  efectuar  determinaciones  de  humedad, 
resistencia  y  permeabilidad  de  las  tierras  en  las  condiciones  de  utilizacidn.  En 
esas  Jundi  clones  es  conveniente  quo  esos  ensayos  de  control  sean  efectuados  en 
sus  propios  laboratorios. 

La  mayorfa  de  las  fundiciones  de  nuestro  pafs  no  poseen  este  tipo  de  apara 
tos.  En  ese  caso  nuestro  laboratorio  podrfo  tomar  a  su  cargo  la  realizacidn  de 
los  ensayos  de  control  que  se  le  encomienden  mediante  el  pago  de  tapifas  apropia 
das. 


Si  bien  pensamos  que  varias  fundiciones  del  Uruguay  podrftin  beneficiarse 
con  la  instalacidn  de  un  laboratorio  elemental  de  control  de  tierras  de  moldeo  pa¬ 
ra  la  cual  prestaremos  asesoramienio,  debe  tenerse  en  cuenta  que  para  muchas 
pequefias  fundiciones  no  se  justifica  la  inversion  respectiva  y  en  ciertos  casos  no 
se  euenta  con  personal  iddneo  disponible  para  efectuar  los  ensayos  de  control.  En 
estos  casos  pueden  recurrir  mds  econdmicamente  a  efectuar  esos  ensayos  en  nues 
tra  Facultad  en  la  forma  ya  mencionada. 

Por  otra  parte  considcramos  que  nuestro  Instituto  debe  tomar  iniciativa  en 
efectuar  un  estudio  de  las  caracterfsticas  predominantes  en  las  tierras  actualmen 
te  utilizadas  para  moldear  en  nuestras  fundiciones. 

Los  primeros  ensayos  realizados  muestran  que  en  muchos  casos  las  tie¬ 
rras  utilizadas  no  son  apropiadas  o  son  empleadas  apartdndose  mucho  de  las  con 
diciones  Optimas,  sea  por  el  empleo  de  arcillas  inapropiadas,  o  no  activadas  ade 
ouadamente,  o  por  el  uso  de  tierras  excesivamente  arcillosas,  o  de  granulome- 
trfa  inapropiada,  o  por  un  contenido  dc  humedad  excesivo,  etc. 

3o  tratard  de  relacionar  las  caracterfsticas  que  se  determinen  con  los  do- 
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lectos  que  se  observan  en  las  piezao  fundidas  y  de  indicar  las  correcciones  que 
puedan  haeerse  a  ios  materiales  de  moidco  (eyentualraente  su  sustitucidu  total  )y/o 
las  modiilcaciones  aconsejablec  en  los  mdtodoa  de  preparacidn  para  mejorar  aque- 
iias  caraelerfslicac  y  evitar  Ios  uelecios  oonsiguientes. 


Para  cuinplir  con  el  propdsito  enu.uciadc  concurriremos  a  lac  principal es 
fundieiones,  con  las  ouales  ya  hem  os  establecido  contacto  en  muchos  capos  a  ese 
cfcotc,  y  precederemos  a  la  extraccidn  de  mueslras  apropiacias  de  las  lierras  de 
moldoo  en  uso  en  eondicioneo  que  permitan  eoservar  su  humedad  hasta  ol  mom< 
to  del  ensayo.  Trataremos  tambidn  de  efectuar  in  situ  inedidae  do  dureza  de  n.ci- 
oes  confeccionados  con  esa  tierra  de  mode  de  poseer  datos  vinculados  al  grado  de 
compactacidu  de  la  tierra  en  las  condiciones  de  ulilizacidc,  cosa  que  influye  coiuh 
oerablcments  sobre  sub  propiedades  meelnicac,  permeabilidad,  etc. ,  teniendo  en 
cuenta  que  los  en3ayos  se  efeetdan  habitualmente  en  el  laboratorio  en  condiciones 
de  compaetacidn  standard. 


Las  muestrac  tal  como  se  retiran  de  las  fundieiones  serin  sometidas  sin 
pdrdida  de  tiempo,  a  determinaciones  de  humedad,  permeabilidad,  densidad  apa- 
rente,  con  compactado  standard,  resistencia  a  la  compresidn,  al  cortc  y  a  la  trac 
ci6n,  y  resistencia  a  la  traccifln  cn  hdmedo  en  cuanto  podamos  conlar  con  el  apara 
to  respectivo. 


Se  darl  preferencia  al  estudio  de  las  tierrae  empleadac  para  moldes  en  ver 
de,  que  requieren  caracterfsticas  mis  diffeiles  de  lograr,  Se  ha  observado  una 
cxcesiva  tendeneia  a  trabajar  en  seco  con  las  consiguientes  mayores  den; eras  y 
costos  en  much  os  casos  en  que  el  trabajo  en  verde  cerfe  perfectamente  facljble, 
lal  vez  debido  a  que  las  tierrae  empleadas  en  verde  no  posean  lac  caraexrfsticas 
adecuadas  y  de.i  lugar  a  defectos  que  hayan  desalentado  con  respccto  a  su  empleo. 
Trataremoc  de  cstimular  an  mayor  uso  de  moldes  en  verde  demestrando  la  poeibi 
lidad  de  lograr  tierrar.  quo  permitan  prescindir  sin  inconvenientec  del  secado  del 
xaolde  en  much  os  casos  en  que  actualmcnte  se  cstl  efectuando. 


3.1. 2.  Examen  do  constitucidn  y  otr.as  determinaciones  que  no  requieren  emplear 
las  tierrae  en  las  condiciones  de  utilizacidn. 


Sobre  las  muectras  obtenidas  en  las  fundieiones  se  realizarin  posterior- 
mente  en  el  laboratorio  determinaciones  de  contenido  dc  "ar  cilia*'  (o  mis  bien  dj_ 
cho  de  partfculas  finac,  de  menos  de  0.  02  mm). 

Sobre  la  fraccidn  dc  arena  separada  en  ese  ensayo  sc  efectuar  In  determi¬ 
naciones  de  distribucirtn  granulomdtrica,  superficie  especHica,  grado  de  angulari 
dad,  abaorcidn  dc  agua,  observaeidn  de  forma  de  granos  al  microscopio,  eompo- 
sicidn  qufmica  (pdrdida  al  rojo,  sllice,  dxido  de  hierro,  dxido  de  calcio,  etc. ). 

Sobre  la  fraccidn  de  *’arcilla”  sc  efectuar  In  determinaciones  de  composi- 
ciOn  qufmica  y  do  adcorciOn  de  azul  dc  metilcr.o. 
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Se  csluriiailn  los  componentes  clc  lac  tierras  sirtdticas  y  do  las  naturales 
separando  previamente  las  fracciones  componentes  de  csla  dltima. 

3.1. 3.  Enludio  del  comportamiento  de  lac  tierras  de  moldeo  mis  usadas  en  dis- 

Lii'Lus  'jonaiciones  y  con  disiinias  niodiiicaciones. 

li  tcresa  estudiar  el  cfecto  de  diver sas  variables  cobrc  las  propiedades  de 
las  tierras  de  moldeo  utilizadas  a  fin  de  emplearlas  cn  condiciones  dptimas. 

Asf  por  ejemplo  para  las  tierras  que  se  emplean  cn  verde  es  conveniente 
ccnstruir  curvas  de  propiedades  (resistencia  a  la  compresidn>  al  corte,  a  la  trac 
ci6n  en  verde,  a  la  traccidn  "en  hdmedo"  en  cuanto  se  disponga  del  aparato  para 
cste  ensayo,  permeabilidad,  densidad  aparentc  con  coxnpactado  standard)  en  fun- 
cidn  dol  contenido  de  humedad,  paramfitricamente  de  los  tiempos  de  amasado  en 
cl  molino  mezclador.  Un  rcsultado  inmediato  de  estos  estudios  serfh  la  determi 
naciCn  del  contenido  de  humedad  dptimo  y  cl  tiernpo  de  amasado  conveniente. 

Interesa  ta-nbidn  estudiar  cl  efccto  del  contenido  de  arcilla,  de  la  granulo 
metrfa,  tipo  y  forma  de  grano  de  la  arena,  grado  de  coinpactacidn,  etc. 

Otro  aspccto  que  nos  proponemos  estudiar  es  el  efecto  de  la  activacidn, 
con  carbonato  de  soaio  por  ejemplo,  sobre  las  distir tas  propiedades.  Estc  estu- 
dio  podrl  realizarse  en  mucho  mejores  condiciones  en.  ewarto  dispongamos  del 
aparato  para  determinacidn  do  resistencia  "en  htlmedo"  con  el  eual  se  deter mina 
eficazmente  la  aetivacidn  de  la  arcilla. 

Estudios  come  los  mcneionados  implican  un  voluxnen  de  tra?,a.jO  e;;perimen 
tal  considerable  quo  ir.sumirlh  mueho  tiempo,  por  lo  cual  se  tratarl  de  realizar 
aquellos  estudios  que  en  cada  caso  presenter,  mayor  interns  en  relacidc  car  las 
condiciones  de  trabajo  que  prevalecen  en  las  fundiciones  eetudiadas  y  cor.  cl  tipo 
prod  out  inante  de  defectos  debio  os  a  las  tierras,  tratando  de  deter  rainax  las  co- 
rrecciones,  agregaaos,  etc. ,  que  sea  mis  conveniente  establecer  en  las  tierras 
de  moldeo  en  uso. 

3.1. 4.  Estudio  de  defectos  vinculados  a  las  tierras  de  moldeo  y  su  correccidn. 

Gran  parte  de  los  defectos  que  re  producen  en  las  piezas  fundidas  y  que 
dan  lugar  a  imperial? tes  pdrdidas  econdmicas,  se  deben  a  inadecuadas  carueterfs 
ticas  de  las  tierras  de  moldeo. 

Por  ese  u.otivo  convenor!  cfecfcuar  cn  cada  caso  un  cuidadoso  e/camcn  y 
clasificacidn  do  los  deiectos  que  se  oboervan  sobre  las  piezas  fundidas  tratando 
de  determinar  sus  causas  mis  probables  y  onsayando  modificaciones  en  las  tie¬ 
rras  tendientes  a  su  corrcccidn. 

Para  estos  estudios  sc  fundirln  tambidn  piezas  de  ensayo  eon  modelos  es 
peciales  como  lcs  empleados  en  cl  Giesserci  Ihstit:t  de  Aachen,  dise'iados  r«ara 
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la.  tcidencia  a  producir  defccloc  cc  las  tierras  de  xnoideo,  cei  La;  eajicc 
s>*  iieiew.inJ.rd.  la  mayor  o  men  or  formacidr.  cc  costras  (xncdida  on  c  xn2)iU*.  ":■> 
la:  do  rata"  (madidas  en  cm),  etc.  Sc  oodrl  experimental*  aef  el  efecto  etc  t..t  ^ 
.ii‘ioaelcnee  ix.lroducidac;  cn  la  tierra  eobre  la  tendencia  a  la  produccidn  cie  o.cicc- 
ios. 


Sc  investigara  asf  ci  efoeLo  de  pardmetros  tales  como  cl  tamano  y  tipo  dc 
arena  emplcada,  ou  grado  cc  angular  Idad,  la  huxnedad  de  la  tierra,  su  con ten id o 
de  arcilla,  su  preparacidn  (ticxnpo  de  amasado,  etc. ),  el  agregado  de  aditivoc  oo 
r.o  earbdn,  bitumen,  cte. 


'.f;.  Estudio  de  y acini ientoc  de  material oc  apropiados  para  raoldeo. 

Ei  nuestro  pafe  pxedomina  cl  cxnplco  dc  tierras  nature  lee,  ciendo  miiy  li¬ 
ra  taoa  ia  utilizacidn  dc  tic  eras  Gintdtieac. 

En  ec-tc  an-  -cio  oebem.o  c  c.  stud  is  r  cn  piimer  tdrmir.c  lac.  caracterfsticac 
Jc  lac.  actualec.  lue  'tes  de  aprcvic  ionaf”  lento  de  lac  funolcioocs  er&ayando  esos  ma 
Leriales  y  ou  posibie  xnejora  pc*r  oporiunae  modiixcacioxics.  Debexnoe  tambidn  ir1  — 
ycetigar  otros  yacirnientos  dc  mejores  eaj-acterfnfcieac  o  de  roejor  abieacidn  r&rmec 
to  a  los  centros  de  concumo,  cosa  que  podri  haceroe  en  base  a  la  colaboracidr  qnc 
puoda  prestar  el  Instituto  Geoldgico  y  a  la  ayuda  de  un  colabc-rador  tdenico  del  Int-li 
tuto  que  posee  experiencia  en  la  bdsqueda  de  materiales  de  este  tipo  cn  base  a  datos 
geoldgicos. 

Estas  tierras  naturales  en  general  son  apropiadac  nara  trabajar  en  seco. 
Segdn  ya  se  ha  expresaric,  ev  nuestro  pafs  existe  una  exagerada  tendencia  a  traba 
jar  en  seco;  en  realidad  entre  las  piezas  usualmente  producidas  en  nuestras  fun- 
diciones  serflan  rnuy  pocas  las  que  exigirfon  trabajar  en  seco.  Pero  para  poder  pa 
car  a  fundir  en  verde  gran  parte  de  los  trabajos  que  actualmente  se  funden  en  seco, 
se  requerirfb  contar  con  tierra  que  cumpliera  requisites  mucho  mds  estrictos  que 
las  tierras  naturales  hoy  en  uso.  Serih  por  lo  tanto  necesario  modificar  convenien 
temente  esas  tierras  o  encontrar  yacimientos  de  mejores  prqpiedades,  o  emplear 
tierra  sintdtica. 

En  general  consideramos  que  para  trabajos  en  verde  de  cierta  dificultad  y 
para  evitar  inconvenicntes  cuando  se  moldea  a  mdquina,  serfa  preferible  el  exnpleo 
de  tierras  sintdticas. 

En  el  Uruguay  existe  abundancia  de  arena  siifcea  de  buena  calidad,  que  es 
uno  de  los  ingredientes  bdsicos  para  esas  tierras  sintdticas,  y  en  general  no  pare 
ce  necesario  realizar  mayores  investigaciones  en  relaeidn  con  este  material. 

En  cambio  es  muy  poco  lo  que  se  conocc  en  cuanto  a  areillas  naeionales 
apropiadas  para  este  uso. 
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En  alguna  fundicidn  local  sc  Irabaja  con  ticrra  sintdtica  empleando  bentoni 
ta  importaaa. 


Sin  embargo  en  aigunos  ensayos  preliminarcs  cfectuados  en  nuestro  labora 
to;  io  r.obre  una  areilla  naeional  quo  habiu  sido  identificada  anteriormenie  como 
una  bentcnita  con  un  elevado  porcentaje  de  montmorillonila,  pudo  comprobarse  que 
se  lograban  excelentes  propiedades  tecnoldgicas,  especialmente  activdndola  con 
carbonate  de  sodio,  y  que  presumiblemente  se  trata  de  un  material  muy  apropiado 
para  emplear  en  fundi  ci6n. 


Consideramos  de  gran  interds  investigar  yacimientos  de  bentonita  de  la  me 
jor  calidad  posible,  asi'ccmo  de  areillas  caolinfticas,  illfticas,  etc.,  tratando  de 
enconlrar  yacimientos  proximo g  al  ccntro  consumidor  que  es  bdsicamente  Montevi 
deo. 


La  bdsqueda  de  yacimientos  se  oriental  en  base  a  datos  geoldticos.  Las 
muestras  extrafdas  serdn  ensayadas  en  nuestro  laboratorio  determindndose  su  ca 
pacidad  de  adsorcidn  de  azul  de  metileno  como  un  primer  medio  de  apreciar  su 
contenido  en  montmorillonita.  Sc  harln  ademds  los  ensayos  tecnoldgicos  de  per- 
meabilidad,  resistencia,  etc. ,  empleando  mezclas  con  una  arena  silfcea  standard 
de  granulometrfa,  angularidad,  etc. ,  bien  determinadas. 

En  algunos  casos  que  presenten  especial  interns  podrdn  efectuarse  estudios 
de  estructura  cristalina  mediante  difraccidn  de  rayos  X  con  el  concurso  del  Depar- 
tamento  del  Estado  Sdlido  del  Instituto  de  Ffsica  que  posee  el  equipo  y  especializa- 
cidn  requerida  para  ello. 


3. 3.  Control  de  calidad  de  piezas  fundidas  y  asesoramiento  para  su  mejoramien 
to. 


Cualquier  persona,  firma  o  entidad  puede  dirigirse  a  nuestro  Departamen- 
to,  y  mediante  el  pago  de  derechos  de  ensayo  convenientemente  tarifados,  ser 
auxiliado  en  la  comprobacibn  de  calidad  de  piezas  fundidas. 

De  la  observacidn  de  defectos  superficiales  visibles  como  costras,  colas 
de  rata,  fisuras,  desprendimientos  de  molde,  sopladuras,  etc. ,  se  pueden  extraer 
ciertas  conclusiones  que  orientan  en  la  determinacidn  de  la  causa  de  estos  defec- 
tos. 


En  ciertos  casos  serd  aconsejable  la  realizacidn  de  un  ensayo  no  destruc¬ 
tive,  inspeccidn  con  partfculas  magnSticas,  radiogrdficas,  ultrasonidos,  etc.,  en 
cuyo  caso  se  dirigird  al  interesado  al  Instituto  de  Ensayo  de  Materiales  de  nuestra 
Fncultad,  que  se  ocupard  de  estos  trabajos.  Se  aconsejard  tambidn  con  respecto  a 
las  deter roinaciones  qufmicas  que  convenga  realizar,  las  cuales  pueden  ejecutarse 
en  el  Departamento  de  Andlisis  T6cnicos  de  nuestro  Instituto. 
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Se  dardn  tarnbidn  las  indicadones  necesariat:  para  1'imdir  probetas  adccua- 
das  para  los  ensayos  meclnicos  quc  puedcn  cfectuarse  crj  el  Ins tiluto  de  Ensayo  de 
Mateihilee. 

Ed  algunos  casus  interesa  seecionar  la  pieza  y  obscrvar  sue  defcctos  inter 
nos  taler-  como  eontraeeiou«r,  porosiuau  per  gases,  mdusiones  de  csoorU,  etc., 
a  simple  vista  y  con  a>uda  cel  tmcioscopio  metalegrltieo.  Lute  re  sa  tambidn  mu- 
chat  veues  observe r  la  esfcr  ueturi  rneUl ogrdliea  verifioando  por  ejemplo  el  tipo 
de  grafito  obtenido  en  ana  .uadicidn  gris,  l.i  obtencidn  de  una  fundicidn  perlflica, 
etc.  Este  tipo  de  actividad  va  la  eumple  en  la  actualidad  nuestro  laboratorio. 

Los  estudios  mencionados  conduecn  a  la  iormulacidn  de  rec  cm  cat  lac  i  os  ee 
generates  lendientes  a  corregir  los  defcctos  obs=rvados  modificando  la  composi- 
cidn  c»  la  estructura,  aetuando  sob  re  lot-  materiales  de  rnoldeo  empiearios,  la  lor 
ma  de  aliinentacidn  de  la  pieza,  los  desoxidantes  y  desgasificantes  a  ernplear,  etc. 

En  algunos  eases  se  tratarl  de  dar  rccomendaciones  especfficas  entrando 
asf  al  estudio  de  problemas  especiales  a  que  se  hace  referenda  en  3.7. 


3.5.  Preparacidn  de  aleaciones  especiales. 

Disponemos  de  una  pequena  planta  piloto  equipada  con  dos  bornos  .  <.  I 

oaientados  con  gas.  Peso  a  las  It miviciones  de  nuestro  equipo  actual,  po 
preparar  en  jtequena  e scale,  algunas  aleaciones,  estudiando  nafitodos  de  alec. 
oe:so*idaci(5n,  desgasifieacidn,  etc. 


3.6.  Estudio  de  procesos  especiales. 

Ciertos  procesos  especiales  son  insuficientemente  conocidos  en  nuestro 
medio  por  lo  eual  consideramos  de  interns  estudiarlos  y  reaiizarlos  en  eseala  ex¬ 
perimental  con  el  fin  de  poner  a  punto  las  tdcnicas  respectivas  y  luego  difundir  su 
eonocimiento  en  nuestro  ambiente. 

En  este  sentido  podrfe  experimentarse  por  ejemplo  el  rnoldeo  con  arenas 
can  ceraento  portland,  el  proceso  dc  endured miento  con  anhidrido  carbdnico,  el 
proceso  Croning  o  shell  molding,  el  proceso  Shaw,  etc. 


5.7.  Estudio  de  problemas  especiales. 

Uno  de  los  aspen! o.-  dr  xsislencia  t^cnica  mis  directa  se  presenta  cuando 
una  fundicidn  nos  planter  up  probletna  especial  onr-rmeto  c*<  ouya  resolucidn  poda- 
mos  emplear  las  berramientas  de  quc  disponemos  actual  in  en  to. 

El  problcma  pianleado  pueoe  i.er  por  ejemplo  la  eliminaeidn  de  un  defecto 
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tic  penctracidn  del  molde,  quo  ocurre  en  ciertaspiezas,  la  obtencidn  de  lioyon  !ipo 
COv  par^  ana  pieza  dada  con  suiiciente  resistencia  pero  con  adecuada  colap  sibili- 
iiad,  etc. 

Algunos  de  estos  problemas  especiales  dardn  lugar  a  una  invectigacidr  ban_ 
Unte  desarrollada  en  el  laboratorio,  que  en  algunos  casos  serd  complementada  con 
a  la  escala  de  planta  piloto. 


0. 8.  Asesoramiento  para  la  instalaeidn  de  laboratories  de  control. 

No  es  de  interns  efectuar  los  ensayos  de  rutina  o  de  control  que  las  proplan 
fundieiones  de  una  cierta  importancia  puedan  reaiizar  por  sf  mismas.  En  este 
sentido  tratai  emos  de  estimular  la  creacidn  de  pequeiios  laboratories  de  control 
de  tierras  de  moldeo  en  Id.  propia  planta,  reducidos  al  menos  a  las  determinacio 
nes  mds  frecuentes  de  humedad,  permeabilidad  y  resistencia. 

A  este  fi/  tsesorar&mos  en  la  seleccidn  e  instalacidn  del  equipo  y  en  la 
puesta  en  marcha  del  laboratorio. 


3. 9.  CapacitaciOn  de  personal  tdcnico. 

Proyectamos  desarrollar  cursillos  tedrico-prlcticos  sobre  distintos  aspe£ 
tos  de  la  tdcnica  de  la  fundi cidn  destinados  a  profesionales  y  tdcnicos  de  la  indus- 
tria  y  tainbidn  a  estudiantes  de  nuestra  Facultad  y  a  maestros  de  la  Universidad 
del  Trabajo,  centro  de  formacidn  tdcnico-artesanal  de  nuestro  pafs. 

Por  ese  medio  pensa  mos  que  se  prestard  una  asistencia  tficnica  directa, 
en  lo  que  tiene  que  ver  con  la  formacifo  especializada  del  personal  superior  de  lac 
industrias  y  tambidn  indirectamente,  se  actuary  en  el  mismo  sentido  contribuyendo 
a  la  formacidr.  de  nuestros  futuros  profesionales  en  el  campo  que  interesa  a  esa  in 
dustria  y  a  la  formacidn  de  aquellos  que  tienen  a  su  cargo  la  preparacidn  de  loe 
tdcnicos  que  deben  practicar  la  artesanfo  de  la  fundicidn  y  aetuar  en  contacto  di- 
recto  con  ella. 
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O  INSTITUTO  DE  PESQUISAS  TECNOLOGICAS  DE  SAO  PAULO 
E  A  SUA  CONTRIBUICAO  PARA  O  DESENVCLVIMENTO 
DA  METALURGIA  NO  BRASIL 


por  Luiz  C.  Correa  Da  Silva* 


1.  INTRODUCAO 


A  verdadeira  liberapao  dos  pafses  pouco  desenvdvidos  somente  se  farS. 
pelo  incremento  substancial  da  sua  produpao  e  da  sua  produtividade.  Mesmo  nos 
pafses  essencialmente  agrfcolas  isso  somente  seri  possfvel  ap6s  ser  atingido  um 
nfvel  mfnimo  de  industrializapao,  muito  acima  do  que  prevalece  hoje  para  a 
maioria  das  napoes.  A  industrializapao  depende,  sabidamente,  da  utilizapao  in- 
tensiva  dos  conhecimentos  acumulados  da  tecnologia  dos  materials  e  processos 
industrials.  Assim  sendo,  as  instituipoes  devotadas  a  promopao  do  progresso 
tecnoldgico,  e  muito  especialmente  os  Institutos  de  Tecnologia,  estao  destinadas 
a  desempenhar  um  papel  essencial  na  industrializapao  dos  pafses  em  desemvol- 
vimento,  como  6  o  caso  da  quase  totalidade  das  napoes  Latinoamericanas. 

O  Institute  de  Pesquisas  Tecnoldgicas  de  Sao  Paulo  (I.  P.  T. )  teve  (e  con- 
tinua  a  ter)  um  papel  desisivo  na  industrializapao  do  Brasil.  A  contribuipao  da 
Divisao  de  Metalurgia  do  I.P.T.  para  o  progresso  da  metalurgia  brasileira  foi 
especialmente  importante.  Visto  que  as  condipoes  e  os  problemas  que  existem 
nos  outros  Pafses  da  America  Latina  sao  semelhantes  as  que  prevalecem  no 
Brasil,  parecem  interessante  a  presentar  a  experiencia  do  I.  P.T. ,  que  poderS. 
ser  dtil  noutros  Pafses.  Aldm  da  simples  apresentapao  descritiva  da  instituipao 
procurou-se,  a  seguir,  fazer  uma  an&lise  sistem&tica  da  motivapao  e  da  apao  da 
mesma,  com  o  objetivo  de  reunir  elementos  que  possam  vir  a  constituir  as  bases 
de  uma  "filosofia,:  ou  "polltica"  para  os  Institutos  de  Tecnologia  dos  pafses  em 
desenvo  lvimento . 

A  an&lise  do  papel  de  uma  instituipao  como  o  I.  P.T.  precisa  ser  feita 
decompondo  o  problema  nos  seus  elementos  e  examinando  seus  v&rios  aspectos 


*  Chefe  da  Divisao  de  Metalurgia  do  Institute  de  Pesquisas  Tecnoldgicas  -  Sao 
Paulo,  Brasil;  e  Professor  das  Disciplinas  de  Siderurgia  e  Ffsico-qufmica 
MetalCirgica  da  Escola  Politecnica  da  Universidaae;de  Sao  Paulo. 
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de  diversos  pontos  de  vista.  Isto  6  particularmente  importante  quando  se  obser- 
vam  as  dificuldades  e  erros  de  compreensao  das  Legftimas  finalidades  e  atividades 
de  instituipoes  desse  tipo,  nos  pafses  em  desenvolvimento. 

A  an&iise  deve  examinar  cuidadosamente  os  objetivos,  a  justificativa,  os 
mdtodos  de  trahalho  e  os  recursos  ou  meios  de  que  um  Institute  como  o  I.  P.T. 
pode  lanpar  mao.  Deve  tambem  considerar  os  aspectos  t6cno-cientfficos,  ad- 
ministrativos,  financeiros,  operacionais,  histdricos,  geogr&ficos,  nacionais  e 
sociais  da  apao  da  entidade. 

E  o  que  se  tenta  fazer  a  seguir,  numa  andiise  geral  do  problema,  exem- 
plificada  quando  oportuno,  com  informapoes  sobre  a  Divisao  de  Metalurgia  (DI- 
MET)  do  I.  P.T.  Esta  6  analisada  como  uma  estrutura  (organismo,  entidade) 
que  usando  certos  meios  (recursos,  fatores)  de  acordo  com  certos  mdtodos  (mo 
dos  de  apao)  opera  (trabalha)  para  atingir  determinados  objetivos  (resultados, 
propdsitos). 


2.  OBJETIVOS  DO  I. P.T. 


Os  objetivos  de  uma  entidade  como  o  I.  P.T.  precisam  ser  cuidadosamente 
analisados.  Caso  contririo  M  o  perigo  de  dirigir  as  atividades  para  direpoes  im- 
proffquas  ou  injustificlveis.  Tais  objetivos  sao  de  divers  as  ordens:  objetivos 
(iltimos ,  mediatos  e  imediatos. 


2.1.  Objetivos  (iltimos 

Os  objetivos  CUtimos  do  I.  P.T.  se  reumen  como  segue:  contribuir  para  o 
progresso  r£pido  da  tdcnica  e  da  indflstria  no  P  ifs. 

Nao  resta  ddvida  que  a  DIMET  do  I.  P.T.  ve/n  cumprindo  esta  sua  missao 
primordial.  Nao  faltam  provas  disto.  Exemplos  serao  detalhados  no  correr 
deste  trabalho. 


2.2.  Objetivos  mediatos 

O  desenvolvimento  industrial  requer  numerosos  fatores  para  efetivar-se: 
matdrias  primas;  transportes;  energia;  mao  de  obra  especializada;  conheci- 
mento  t6cnico  ("know-how");  f inanciamento ;  leis  e  regulamentos  favor&veis; 
capacidades  de  planejamento,  organizapao  e  administrapao. 
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Os  Institutes  de  Tecnologia  podem  contribuir  eficazmente  para  que  se  tor- 
nem  disponfveis  diversos  dos  fatores  acima. 

O  Institute  de  Pesquisas  Teeno  logic  as  (I.  P.T. ),  eniidade  autarquiea  do 
Govemo  do  Estado  de  Sao  Paulo,  6  uraa  instituipao  que  visa  prestar,  direta  uu 
indiretamente,  ampla  assistencia  a  inddstria  e  a  ingenharia,  no  Estado  e  no  Pais, 
procurando,  atravds  da  divulgapao  e  da  aplicapao  dos  mais  modernos  conheci- 
mentos  cientfficos  e  teeno  ldgicos,  contribuir  para  o  seu  desenvoivimento,  orien- 
tando-3e  sempre  pelo  prinefpio  da  precedencia  dos  interesses  da  coletividade 
sobre  os  de  pessoas  ou  empresas. 

Os  objetivos  mediates  da  DIMET  do  I.  P.  T. ,  ou  sejam,  os  objetivos  inter¬ 
mediaries  que  precisa  atingir  para  cumprir  a  sua  missao,  decorrem  do  que  acima 
se  disse  e  sao  os  seguintes: 

a.  estimular  e  apoiar  o  desenvoivimento  da  inddstria  metaldrgica  nos  seus 
diversos  setores  e  estdgios  (Fig.  1). 

b.  auxiliar  no  desenvoivimento  das  inddstrias  mecanica,  etetrica,  qufmica  e 
de  construpao  civil  caquilo  em  que  as  mesmas  dependant  de  tecnologia 
metalurgica  (Fig,  2). 

A  inddstria  metaldrgica  de  um  Pais  novo  requer,  para  se  desenvolver, 
um  apoio  teeno  16 gico  eficaz  aos  seus  mdltiplos  setores  e  estagios,  exigindo  a 
existencia  de  equipes  de  especialistas  devotados  a  captapao  de  "know-how"  jd 
existente  em  outros  pafses  ou  a  criapao  de  ’•know-how"  prdprio  para  aplicapao 
local. 


Sabidamente,  tambem  as  inddstrias  que  dependent  diretamente  da  utilizspao 
de  materials  metdlicos  (vide  Fig.  2)  necessitam  de  apoio  semelhante.  A  experien- 
cia  do  I.  P.  T.  mostra  que  as  consultas  e  apresentapao  de  problem  as  por  parte  destas 
sao  pelo  menos  tao  numerosas  quanto  por  parte  das  empresas  propriamente  meta 
ldrgicas.  As  suas  preocupapoes  dizem  respeito  especialmente  a:  caracterfsticas 
dos  materials  metdlicos  com  vistas  a  sua  aplicapao;  comportamento  dos  materiais 
metdlicos  no  processamento  e  fabricapro  dos  mais  variados  produtos;  problemas 
de  controle  das  caracterfsticas  de  modo  a  assegurar  um  bom  comportamento  em 
servipo;  etc. 


2.3.  Objetivos  imediatos  ou  diretos 

Os  objetivos  diretos  e  imediatos  da  DIMET  do  I.  P.T.  sao  os  seguintes: 

a.  atuar  como  "antena"  para  a  captapao  de  "know-how”,  especialmente  o 

existente  em  pafses  mais  avanpados,  divuigando  no  Pals,  de  forma  eficiente 
as  r  caracterfsticas  e  aplicapoes  dos  processos  e  materiais  metaldrgicos. 
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b.  desenvolver  "know-how"  prdprio  atravfis  do  estudo  sistem&tico,  tedrico  e 
experimental,  dos  problemas  metalflrgicos  de  especial  intoresse  local, 
visando  a  sua  soiupao. 

c.  atender  as  solicitapoes  da  inddstria  dando-lhe  a  assistencia  tdcnica  cabivel 
e  pertinente,  sob  todas  as  formas  apropriadas. 

d.  colaborar  na  formapao  de  metalurgistas  capazes  que,  atravds  do  prdprio 
I.P.T.  ou  trabalhando  diretamente  nas  empresas,  possam  atacar  e  re¬ 
solver  problemas  importantes  da  indtistria  local  relativos  a  extrapao, 
refino,  transformapao,  tratamento,  controle  e  aplicapao  de  metais  e  ligas. 

e.  colaborar  na  constituipao  e  nas  atividades  das  entidades  devotadas  ao  in- 
tercaipbi'''  de  informapoes  e  experiencias  tdcnicas  e  industrials. 

Para  bem  caracterizar  a  apao  de  un  Instituto  de  Tecnologia  como  o  I.P.T. 
6  preciso  lembrar  que  a  engenharia  6  a  arte  de  aplicar  a  ciencia  para  a  produpao 
de  bens  ou  para  a  prestapao  de  servipos;  e  que  a  tecnoldgia  6  o  conjunto  de  conhe 
cimentos  sobre  materiais  e  processos  industrials,  resultantes  da  aplicapao  da 
ciencia  ou  de  seus  mdtodos.  No  c  iso  particular  da  tecnologia  metalflrgica,  pode- 
mos  definfla  como  sendo  o  conjunto  de  conhecimentos  resultantes  da  aplicapao  da 
ciencia  a  produpao  e  uso  de  pepas  e  materials  metfilicos. 

Os  setores  da  metalurgia  como  ramo  da  ciencia,  da  engenharia  e  da  tecno 
logia  estao  esquematizados  no  Quadro  I. 

Em  (iltima  an&lise  o  objetivo  direto  e  imediato  de  uma  Divisao  ou  Departa- 
mento  de  Metalurgia  dcve  ser  o  de  aplicar  os  conhecimentos  e  os  mdtodos  cientffi 
cos  no  estudo  dos  processos  metalflrgicos  e  dos  materiais  met&licos,  visando  re¬ 
solver  os  problemas  encontrados  na  industrializapao  do  Pais. 


3.  JUSTIFICATIVA 


No  item  anterior  respondeu-se  a  questao:  "o  que  se  visa?".  Nesta  justi- 
ficativa  procura-se  responder  a  pergunta  "porque?".  Porque  uma  entidade  estatal 
engajada  em  atender  as  necessidades  tecnoldgicas  mais  prementes  e  imediatas  da 
indtistria  local? 

Sao  numerosas  as  razoes  que  justificam  a  entidade  e  a  sua  apao:  a  falta  de 
tradipao  tecnol6gica  e  industrial,  a  necessidade  de  uma  r&pida  mas  segura  indus- 
triaiizapao,  a  imprescindibilidade  da  tecnologia  para  o  progreso  industrial  de 
qualquer  napao  (avanpada  ou  nao),  a  predominance  de  empresas  de  pequeno  e 
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QUADkO  1  -  Ramos  da  metalurgia  como  ciencia  e  tdcnica 


a)  Ciencia  dos  metais  (estudo  dos  principals,  caracterfsticas  e 
fcnomenos  fundamentals) 

a.  1.  Ffsica  dos  metais  (estrutura  e  propriedades  fundamen 
tais); 

a.  2.  Ffsico-qufmica  metaldrgica  {termodinamica  e  cinetica 

das  reapoes  metaldrgicas,  inclusive  as  que  se  dao  em 
estado  sdlido); 

b)  Metalurgia  dos  processos  (estudo  dos  processos  industrials); 

b.  1.  Metalurgia  extrativa  e  de  refino  (siderurgia  e  metalur 

gia  extrativa  dos  nao-ferrosos); 

b. 2.  Metalurgia  de  transformapao  (laminapao,  forjamento, 

fundipao,  solda,  pulvimetalurgia,  tratamentos,  etc.). 

c)  Metalurgia  dos  materiais  ou  metalografia  (estudo  sistem&tico 
dos  metais  e  ligas  utilizados  industrialmente,  principalmente 
visando  a  sua  aplicapao). 

c. l.  Metalografia  ferrosa; 

c.  2.  Metalografia  dos  nao-ferrosos; 

c.  3.  Estudo  dos  problemas  especiais  de  aplicapao  de  pepas 
ou  materiais  metdlicos. 


medio  porte,  a  exiguidade  de  recursos  financeiros  e  humanos  que  torna  pratica- 
mente  impossivel  agrande  maioria  das  empresas  empreender  estudos  especiais 
es  pesquisas  tecnolfigicas. 

Essas  razoes  aconselham  e.  ate  exigem  que  o  Estado  assuma  a  iniciativa 
da  formapao  e  da  manutenpao  de  instituipao  apropriada,  dotada  de  recursos 
(meios)  adequados.  Desnecessario  se  torna  chamar  a  atenpao  para  a  potenciali- 
dade  de  uma  tal  medida  e  a  decisiva  influencia  que  pode  ter  para  estimular, 
apressar,  e  assegurar  a  industrials .opao  de  uma  jovem  napao.  Ainda  aquf  a 
experiencia  do  I.  P.  T.  de  Sao  Paulo,  e  muito  especialmente  de  sua  Divisao  de 
Metalurgia,  6  evidencia  insofism&vel  em  favor  desta  asserpao. 

O  Governo  do  Estado  de  Sao  Paulo,  ao  criar  o  I.  P.T.  como  instituipao 
independents  em  1. 934,  e  ao  dotft-io  com  importantes  recursos  em  1.  940  e  em 
1.945,  tomou  uma  decisao  acertada.  Os  investimen4i>s  e  despezas  com  a  ins- 
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tituipao,  foram  mais  do  que  compensados  indiretamente,  atravds  do  seguro  surto 
industrial  do  Estado,  para  o  qual  o  I.  P.  T.  contribuiu  decisivamente.  As  contri- 
buipoes  que  o  I.  P.T.  fez  $c  desenvolvimcnto  da  metalurgia  brasileira  foram  nu- 
merosas.  A  tftulo  de  exemplo,  e  visando  documentar  a  justificapao  da  criapao  do 
Instituto,  podem  ser  citadas  as  seguintes: 


Esludo  e  solupao  de  problemas  da  implantapao  da  metalurgia  do  chumbo, 
do  cobre,  e  de  outros  metais  nao  ferrosos  no  Brasil. 


Pesquisas  sobre  a  sinterizapao,  a  pelotizapao  e  a  redupao  dos  mindrios  de 
ferro  brasileiros. 


Introdupao  e  divulgapao  das  modernas  tdcnicas  de  fundipao  no  Brasil,  bem 
como  a  produpao  em  pequena  escala  de  pepas  especiais  de  ferro  fundido, 
nao-ferrosos  e  apos. 

Fornecimento  a  nossa  inddstria,  especialmente  durante  a  dltima  guerra 
mundial,  de  pepas  e  ligas  especiais  (ferrosas  e  nao-ferrosas). 

Implantapao  da  metalurgia  do  p6  no  Brasil. 

Estudc  e  divulgapao  das  propriedades,  tratamentos  e  aplicapoes  de  apos  e 
ligas  nao-ferrosas,  de  acordo  com  os  interesses  da  nossa  inddstria  meta- 
ldrgica  e  mecanica. 

Estudo  de  problemas  metaldrgicos  especiais,  com  diagnose  das  causas  de 
fracasso,  dos  mdtodos  de  produpao  ou  das  razoes  de  eomportamento  em 
servipo.  Esta  colaborapao  foi  especialmente  importante  para  a  implantapao 
da  inddstria  mecanica  e  da  automobilfstica. 


Colaborapao  decisiva  na  instalapao  e  funcionamento  de  entidades  de  interesse 
pdblico  como:  Associapao  ^rasileira  dp  Metais,  Instituto  Brasileiro  de 
Siderurgia,  etc. 

Formapao  de  especialistas  em  numerosos  setores  da  metalurgia,  inclusive 
por  estdgios  no  exterior,  visando  atender  as  necessidades  impostas  pelo 
progresso  industrial  do  Pars.  Numerosos  e  bem  conhecidos,  sao  os  tdcni- 
cos  que,  saidos  do  I.  P.  T. ,  ocupam  hoje  posipao  de  destaque  na  inddstria 
brasileira. 


Introdupao  no  Pafs  da  moderna  metalurgia  como  ciencia  e  como  tdcnica  (ou 
ramo  da  engenharia). 

Criapao  de  um  espfrito  de  colaborapao  tdcnica  acima  dos  interesses  par- 
ticulares  ou  pessoais,  visando  apenas  o  progresso  da  metaiurgia  nacional. 
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4.  METODOS 


fcxaminar  os  metodos  de  apao  da  DIMet  do  i.p.t.  (tipos  de  trabaihos  que 
executa,  servipos  que  presta  e  atividades  quc  mantdm)  6  responder  a  pergunta: 
"como?". 

Para  isto  6  necess&rio  eonsiderar:  o  car£ter,  o  alcance,  os  tipos  e  os 
setores  da  sua  atividade.  Esta  oonsiste  sempre  no  estudo  de  caracterfsticas  e 
problemas  de  proeessos  e  materials  metaldrgicos  visando  a  transmissao  dos  co- 
nhecimentos  adquiridos  a  eoletividade,  por  todos  os  meios  possfveis  e  eficientes. 


4.1.  Car&ter  das  Atividades  da  DIMET  do  I.P.T. 

As  atividades  de  uma  entidade  ccmo  a  DIMET  do  I.  P.T.  podem  ter  carrier 
predominantemente  cientffieo,  tdcnico,  industrial,  economico,  assoeiativo,  did£lico, 
etc.  A  grande  maioria  de  suas  atividades,  pordm,  4  de  cardter  eminentemente  tdc- 
nico  (ou  tdcnoldgico). 

As  atividades  de  cardie  r  puramente  cientffieo  sao  restringidas  deliberada- 
mente,  dadas  as  limitapoes  dos  recursos  humanos  e  materials  com  que  conta  a 
DIMET  e  a  premencia  dos  problemas  de  cardter  tdcnico.  A  tftulo  de  analgia: 
num  Pafs  onde  a  mortalidade  infantil  atingisse  fndices  alarmantes  nao  se  conce- 
beria  que  o  esforpo  principal  de  um  institute  de  pesquisas  mddicas  fosse  devotado 
ao  estudo  fundamental  da  natureza  das  cdlulas  dos  tecidos;  o  estudo,  o  preparo  e, 
atd,  a  simples  aplicapao  de  vacinas  cettamente  deveria  ter  prioridade.  Assim, 
um  institute  de  tecnologia  num  Pafs  como  o  Brasil  deve  forposamente  devotar  o 
maior  dos  seus  esforpos  a  ajuda  imediata  a  indtistria,  para  que  esta  se  implante 
e  evolua  com  seguranpa  e  eficiencia.  Na  DIMET  do  I.  P.T.  as  atividades  de  cara- 
ter  cientffieo  tern  sido  restritas  ao  mfnimo  necessdrio  para  servir  a  melhor  exe- 
cupao  da  tarefa  principal,  a  de  estimuiar  e  ajudar  a  industrializapao.  Fatalmente 
deverrao  assumir  as  atividades  de  cardter  cientffieo  uma  crescente  importancia, 
pordm  sempre  sem  perder  de  vista  que,  para  um  Institute  de  Tecnologia  a  ciencia 
nao  6  um  fim  mas  sim  um  meio. 


As  atividades  de  cardter  tdcnico  ou  tdcnoldgico,  como  jd  foi  dito,  predomi 
nam.  Essas  atividades  sao  de  diversos  tipos,  como  se  verd  mais  adiante,  mas 
visam  precipuamente  contribuir  para  a  maior  produpao  e  produtividade  da  indfistria 
metaldrgica  brasileira,  fornecendo-lhe  dados  e  informapoes  tdcnicas  e  resolvendo- 
lhes  problemas.  Por  6bvio  que  parepa  esta  finalidade,  que  justifica  a  pr6pria  de- 
signapao  dos  Institutes  de  Tecnologia,  mesmo  assim  precisa  ser  repetida  enfatica 
mente,  para  que  nao  se  cometam  erros.  O  "glamor"  dos  grandes  triunfos  cientf- 
ficos  (energia  nuclear,  transistores,  lasers,  supercondutores,  sat61ites  artificials) 
levarn  os  espfritos  menos  crfticos  e  objetivos  a  julgar  que  nos  pafses  em  desenvol- 
vimento  o  progresso  r&pido  se  lograr&  atravds  da  pesquisa  cientffica  ou  fundamental. 
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Este  terrfvel  erro  de  julgamento  vem  sendo  cometido  em  muitos  pafses  e  mesmo 
no  Brasil  temos  dele  exercpios  vdrios.  Esta  6  sem  ddvida  uma  questao  que  deu  e 
dard  sempre  margem  a  muita  polemica,  infelizmente,  mas  onde  6  mais  necessd- 
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As  atividades  de  cardter  propriamente  "industrial1*  devem  ser,  natural- 
mente,  reduzidas  num  Institute  de  Tecnologia.  No  entanto,  particularmente  nos 
estdgios  iniciais  da  industrials  apao,  atividades  desse  tipo  podem  ser  essenciais. 
Assim  sucedeu  na  IJIMET  do  I.  P.T.  que,  por  volta  de  1. 940  equipou-se  em  esca 
la  semi- industrial,  para  introduzir  no  Brasil  as  corretas  tdcnicas  de  fundipao  do 
ferro  e  do  apo  (para  citar  urn  s 6  exemplo).  Dessa  iniciativa  resuitou  para  a 
DIMET  e  sua  equipe  tdcnica  uma  grande  forpa  moral:  a  conciencia  de  estarem 
trabalhando  em  condipoes  de  "superavit"  tdcnico  evidente  em  relapao  a  inddstria, 
em  instalapoes  modernas  e  nitidamente  de  tipo  industrial.  Aquele  preconceito 
que  os  homens  que  labutam  na  inddstria  normalmente  sentem  em  relapao  aos  ho- 
mens  de  laboratdrio  foi,  assim,  destruido  quase  totalmente.  Mesmo  hoje,  quan 
do  a  inddstria  local  jd  se  desenvolveu  enormemente,  a  manutenpao  de  algumas  ati 
vidades  de  carater  industrial  se  justifica  (vide  mais  adiante,  neste  trabalho),  e  vi 
sa  atender  as.necessidades  diretas  da  inddstria  local  (fornecimento  de  certos  ma- 
teriais  especiais)  e,  indiretamente ,  a  fomecer  oportunidades  para  estudo  objetivo 
e  prdtico  de  certos  problemas. 

As  atividades  de  cardter  economico  (estudos  de  inveStimebtos  e  custos) 
nao  cabem  ni  ma  instituipao  como  o  I.  P.  T.  Quando  muito  cabe  uma  atenpao  oca- 
sional  a  certos  aspectos  de  fatores  economicos  quando  influirem  decisivamente 
na  escolha  de  uma  solupao  tdcnica.  Com  o  avanpo  da  inddstria  local,  pordm,  pa 
rece  aconselhavel  a  manutenpao  de  um  economista  com  a  tarefa  especffica  de 
colher  dados  e  analisar  os  aspectos  economicos  mais  salientes  das  solupoes  in- 
dustriais,  de  modo  a  orientar  o  rumo  dos  trabalhos  do  I. P.T.  e,  mesmo,  acon- 
selhar  a  inddstria  metaldrgica  local. 

As  atividades  de  cardter  associativo,  embora  possam  parecer  secunddrias, 
sao  na  realidade  extremamente  importantes.  O  Institute  de  Pesquisas  Tecnol6gi- 
cas  tem  colaborado  de  forma  decisiva  para  a  organizapao  e  o  funcionamento  de  en 
tidades  (como  a  Associapao  Brasileira  de  Metais,  Associapao  Brasileira  de  Nor¬ 
mas  Tdcnicas  e  o  Institute  Brasileiro  de  Siderurgia)  e  iniciativas  (cursos,  congres 
sos,  reunioes)  de  interesse  coletivo.  A  existencia  de  uma  equipe  de  auto  nfvel  e 
desinteressada  possibilita  uma  cooperapao  eficaz  a  tais  iniciativas,  assegurando- 
lhes  o  exito  e  uma  orientapao  objetiva,  acima  dos  interesses  de  grupos  ou  pessoas. 

As  atividades  de  cardter  diddtico  nao  sao  prdprias  a  um  Institute  de  Tecno 
logia,  pordm,  num  pafs  novo  6  imprescindfvel  que  tais  Institutes  colaborem  na 
formapao  de  especialistas  e  no  ensino  prdtico  de  alto  nfvel.  O  I. P.T.  sistemdti- 
camente  colabora  ccm  a  Escola  Politdcnica  da  Universidade  de  Sao  Paulo  (na  qual 
se  originou)  possibilitando  a  realizapao  de  certas  aulas  prdticas  e  aceitando  assis 
tentes-alunos.  Tambdn  colabora  em  cursos  de  especializapao  organizados  pela 
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A.  B.  M.  e  aceita  estagi&rios  (engenheiros  ou  tdcnicos)  da  inddstria. 


4.  2. 


A !  c  a  n  c  e  das  At; 
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E  importante  considerar  o  alcance  no  tempo  e  no  espapo  das  atividades  de 
um  Instituto  como  o  I.  P.T. 


No  que  diz  respeito  ao  alcance  no  tempo,  o  I.  P.T.  procura  dar  maior  aten 
pao  as  atividades  que  possam  ser  dteis  a  curto  prazo.  Dadas  as  limitapoes  dos 
recursos  humanos  e  materiais  com  que  conta  a  instituipao,  face  as  necessidades 
prementes  da  inddstria  local  e  face  as  condipoes  que  prevalecem  no  Pafs,  6  forpo 
so  atribuir  prioridade  aos  trabalhos  que  visam  atender  a  necessidade  mais  pre¬ 
mentes  e  que  buscam  solupoes  a  curto  prazo.  A  manutenpao  de  atividades  de  estu 
do  e  pesquisa  que  somentevpodem  frutificar  a  longo  prazo  deve  ser  limitada  a 
alguns  poucos  casos  de  extrema  importancia. 

Quanto  ao  alcance  geogrdfico  das  atividades  do  I. P.T.  pode-se  dizer  que, 
embora  o  Instituto  seja  uma  entidade  mantida  pelo  Governo  do  Estado  de  Sao  Paulo, 
nao  h&  nenhuma  restripao  regional  de  suas  ativid  Jes  e  sao  atendidos  todos  os  in- 
teressados,  de  qualquer  pondo  do  Pafs. 

O  alcance  social  das  atividades  do  tipo  que  o  I.  P.T.  exerce  sao  evidentes 
e  nao  o  discutiremos. 


4.3.  Tipos  de  Atividade  da  DIMET  do  I.  P.T. 

Diversos  sao  os  tipos  de  atividade  ou  de  servipos  prestados  pela  DIMET. 
Para  atingir  os  seus  objetivos  a  DIMET,  como  todo  o  I.  P.T. ,  realiza  ensaios, 
andlises  espeeiais,  exames,  estudos  e  pesquisas;  presta  assitencia  tdcnica  a 
industria;  mantdm  uma  pequena  produpao  experimental  de  materiais  para  aten 
der  a  pedidos  da  inddstria  local;  promove  a  divulgapao  de  processos  e  materiais: 
colabora  no  ensino  prdtico  especializado  e  em  atividades  associativa  $  de  interesse 
coletivo. 

A  enfase  num  ou  noutro  grapo  desses  diversos  tipos  de  atividades  tem  mu- 
dado  com  a  evolupao  da  instituipao,  necess&ria  para  atender  as  solicitapoes  de 
uma  inddstria  progressista.  No  Quadro  n  estao  indicados  os  principais  perfodos 
da  vida  da  DIMET  do  1.  P.T. 
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Perfodo 

-  i 

Atividades  principals 

Atd  1932 

Primeiros  estudos  de  metalografia  e  propriedades 
mec&nicas,  no  Labor atdrio  de  Ensaio  de  Materiais 
da  Escola  Politdcnica  de  Sao  Paulo. 

j 

1.932- 

1.940 

lo.  perfodo 

Ensaios,  exames,  interpretapao  de  propriedades  e 
comportamento  em  servipo  de  pepas  e  materiais 
metdlicos . 

1.940- 

1.950 

2o.  perfodo 

Demonstrapao  e  adaptapao  de  processos  metalurgi- 
cos  e  materiais  metdlicos.  Divulgapao. 

1.950- 

1.960 

3o.  perfodo 

Intensa  assistencia  tdcnica  as  inddstrias  metalurgi- 
ca  de  transformapao,  mecanica  e  eldtrica,  que  se 
implant  a  v  am  especialmente  no  Estado  de  Sac  Paulo. 
Fornecimento  de  grande  ndmero  de  tdcnicos  alta- 
mente  especializados  e  que  assumiram  posipoes  de 
lideranpa  na  inddstria. 

1.  960  em 
diante 

Pesquisas  tecnol6gicas  e  estudos  especiais  visando 
a  solupao  de  problemas  importantes  da  inddstria  me 
taldrgica  brasileira. 

ENSAIOS 

A  reaiizapao  de  ensaios  (mecanicos,  ffsicos  e  qufmicos)  que  caracterizem 
materiais  e  pepas  metdlicas  6  uma  das  finalidades  mais  dbvias  da  DIMET.  E  a 
mais  antiga  atividade  e  aqueia  por  onde  6  mais  f&cil  comepar  o  trabalho  de  ajuda 
ao  desenvolvimento  industrial.  A  realizapao  dos  ensaios  pode  visar:  verificapao 
de  adequapao  de  um  material  para  certa  aplicapao,  verificapao  de  obediencia  a 
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normas  e  especificapoes,  verificapao  da  existencia  de  peculiaridades  das  caracte 
rfsticas  que  possam  lanpar  luz  sobre  pomportamento  falho  em  servipo,  poiheita 
de  informapoes  gerais  visando  o  estabeleeimento  de  especificapoes  racionais,  etc. 

A  Secpao  de  Ensaios  Mecanicos  (atualmen,e  ligada  a  Divisao  de  Mecanica) 
}&  emitiu  centenas  de  milhares  de  Certificados  Oficiais  relativos  a  caracterfsticas 
mecdnicas  de  metais. 


ANALISES  ESPECIAIS 

As  an&lises  usuais,  pelos  diversos  processos  hoje  em  dia  usados  nos  mo- 
dernos  laboratdrios  sao,  no  I.P.T.,  executadas  na  Divisao  de  Qufmica.  Em  ca- 
sos  especiais,  por£m,  julgou-se  mais  apropriado  faze-las  na  prdpria  DIMET.  E 
o  caso  da  determinapao  do  teor  de  gases  (H,  N,  O)  dissolvidos  em  metais.  Essa 
determinapao,  por  fusao  a  vacuo  ou  por  extrapao  por  difusao,  6  executada  atual- 
mente  na  Secpao  de  Ffsico-qufmica  Metalurgica. 


EXAMES 

Exames  especiais,  particularmente  os  exames  micro  e  macro-gr§ficos , 
sao  efetuados  sobre  pepas  e  materiais  metftlicos  com  a  finalidade  de:  determinar 
a  histdri.a  previa  (mdtodo  de  fahricapao  ou  condipoes  a  que  os  materiais  ou  pepas 
tenham  sido  submetidos  anteriormente);  determinar  as  causas  de  ruptura  ou  falha 
em  servipo;  verificar  se  a  micro  e  a  macroestruturas  estao  satisfat6rias  para 
uma  dada  aplicapao;  determinar  se  o  material  se  enquadra  em  normas  ou  especi¬ 
ficapoes  determinadas;  etc.  Este  trabalho  6  feito  principalmente  pela  Secpao  de 
Metalografia  que  jd  executou  dezenas  de  milhares  de  exames  desse  tipo,  inclusive 
cercade  72  em  1.963.  Pretende-se,  no  futuro  pr6ximo,  utilizar  mais  frequente- 
mente  as  tficnicas  que  usam  raios  X  para  determinapao  de  macro  e  micro-estrutu 
ras,  fases  presentes,  estado  de  tensao,  orientapao  preferencial,  etc.  O  uso  da  mi 
croscopia  eletronica  tambdm  deverS.  ser  incentivado. 


ESTUDOS  ESPECIAIS 

Em  numerosas  oportunidades  a  DIMET  6  chamada  a  opinar  sobre  proble- 
mas  importantes  ou  diffceis,  que  exigem  apreci&vel  estudo  e  as  vezes,  experimen 
tapao  para  permitir  chegar  a  uma  solupao.  Nestes  cases  o  volume  de  trabalho  re 
querido  6  muito  maior  do  que  o  que  corresponde  aos  ensaios,  Kii&lises  ou  exames. 
Interv6m  entao  em  alt  a.  dose  a  experiencia  e  o  discernimento  da  equipe  da  Divisao. 
Sem  chegarem  a  ser  pesquisas  propriamente  sao,  no  entanto,  trabalhos  da  mais 
alta  importancia  como  por  exemplo:  estudo  da  viabilidade  do  emprego  de  dado 
processo  ou  t6cnica  na  inddstria  brasileira;  obtenpao  e  apreciapao  de  informapoes 
inclusive  experimentais,  referentes  a  um  determinado  processo  ou  material,  vi  ¬ 
sando  sua  aplicapao  local;  reuniao  de  elementos  essenciais  para  projetos  de  deter 
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minadas  instalapoes;  determinapao  de  relapoes  de  causa  e  efeito  entre  as  carac- 
terfsticas  e  condipoes  de  emprego  de  um  dado  material  (ou  pepa)  e  o  seu  compor 
tamento  em  servipo;  etc. 

Milhares  de  Relatdrios  relativos  aproblemas  dessa  natureza  foram  emiti 
dos  at6  hoje.  Em  1.963  foram  emitidos  43  Relatdrios  pela  Secpao  de  Metalografia 
e  4  pela  Secpao  de  Ffsico-qufmica  Metalfirgica. 


PESQUISA.S 

Antes  de  considerar  a  questao  da  realizapao  de  pesquisas  em  Institutos  de 
Tecnologia  de  Pafses  em  desemvolvimento  6  necessSrio  a  presentar  certas  d&Eini 
poes  e  conceitos  que  possibilitem  una  discussao  racional.  Com  efeito,  em  conse 
quencia  de  certos  sucessos  eientffieos  espetaculares  que  decorreram  de  trabalhos 
experimentais  realizados  por  cientistas  e  tecn6Iogos  em  laboratdrios,  a  palavra 
pesquisa  entrou  no  vocabuliirio  popular  e  tem  sido  empregada  com  impropriedade 
crescente.  J&  hoje,  os  simpaticos  rapazes  e  mopas  que  batem  a  porta  das  resi- 
dencias  para  indagar  que  canal  de  televisao  est&  sendo  objeto  da  atenpao  familiar 
sao  chamados  "pesquisadores"  e  ninguem  seria  capaz  de  convence-los  (e  aos  seus 
patrqes)  de  que  nao  estao  realizando  "pesquisas".  H5.  tempo  foi  publicada  em  s6- 
rios  jornais  brasileiros  uma  notfcia  sobre  uma  "pesquisa1*  sobre  o  samba. 

Diante  de  tal  situapao,  os  cientistas  verdadeiramente  dedicados  a  pesquisa 
legltima  terao  ds  inventar  una  nova  palavra  para  designar  sua  atividade,  de  modo 
que,  como  "pesquisadores",  nao  sejam  conf undidos  com  os  encarregados  do  cen- 
so  populacional. 

Trata-se,  naturalmente,  de  um  desagrad&vel  problema  de  semantfca.  Pe 
lo  menos  entre  os  cientistas  e  os  profissionais  liberais  de  cultura  universit&ria  6 
preciso  estabelecer  definipoes  que  distingam:  pesquisa,  anSlise  ou  estudo  tedrico, 
experimentapao,  verificacao,  ensaio,  determinapao,  exame,  colheita  de  dados , 
medida,  expiorapao,  levantamento,  etc.,  conforme  o  tipo  das  informapoes  visa- 
das  e  conforme  o  mdtodo  de  obtc-las.  E  fora  de  ddvida  que  muito  dinheiro  tem  s_i 
do  gasto  indevidamente  pelo  simples  uso  do  mdgico  rdtulo  "pesquisa". 

Nao  cabe  aquf  discutir  os  significados  possfvels  e  aceitdveis  para  todos  os 
termos  mencionados,  mas  6  necess&rio,  pelo  menos,  considerar  as  diferentes  ca 
tegorias  de  pesquisas  de  interesse  para  a  ciencia  ou  para  a  tdcnica.  Trata-se, 
em  filtima  an&lise,  de  considerar  e  resolver  os  dilemas: 

I  (pesquisa  pura)  x  (pesquisa  aplicada); 

II  (pesquisa  cientffica)  x  (pesquisa  tecnol6gica);  e 

III  (pesquisa  a  curto  prazo)  x  (pesquisa  a  iongo  prazo). 

O  primeiro  dilema  diz  respeito  ao  propdsito  ou  finalidade  da  pesquisa;  o 
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segundo  dilema  corresponde  a  sua  natureza  ou  carrier;  o  terceiro  refere-se  ao 
prazo  disponfvel  ou  previsto  para  a  colheita  dos  resultados  desejados  (por  defini 
pao  "ad  hoc"  pode-se  considerar  2  anos  como  o  prazo  mSximo  para  uma  pesqui- 
sa  "a  curto  prazo"). 

A  seguir  sugerem-se  definipoes,  tambfim  "ad  hoc",  para  as  categorias 
principals  de  pesquisa: 


Pesquisa  cientffica  pura  =  busca  do  conheciraento  referente  a  mate- 
riais  seres,  sistemas,  fenomenos  e  processos  pela  experimentapao  e  observapao 
em  condipoes  bem  definidas,  com  preocupapao  de  atingir  o  mfiximo  de  pertinen- 
cia,  exatidao,  permanencia  e  reprodutibilidade  dos  resultados  obtidos  e,  geral- 
mente,  sem  preocupapao  com  a  sua  utilidade. 

Pesquisa  cientffica  aplicada  =  idem,  por6m  visando  a  utilidade  do 
ccnhecimento  para  aplicapao  da  produpao  de  bens  ou  prestapao  de  servipo. 

Pesquisa  tecnoldgica  (que  6  sempre,  necessarian  ante,  aplic&vel)  -  bus¬ 
ca  de  conhecimentos  referentes  a  materiais,  sistemas,  fenomenos  e  processos, 
pela  experimentapao  e  observapao  em  condipoes  definidas  dentro  de  limites  as  ve 
zes  largos  mas  sempre  conhecidos,  e,  com  preocupapao  predominante  com  a  uti¬ 
lidade  dos  dados  e  informapoes  colhidos  para  a  produpao  de  bens  ou  prestapao  de 
servipos  industrial  ou  comerciais. 

O  Quadro  III  tenta  esquematn-ir  a  relapao  entre  as  6  caracterfsticas,  com 
uma  indicapao  estimada  das  prov&veis  porcentagens  relativas,  no  caso  de  Pafses 
desenvolvidos. 


QUADRO  HI  -  Categorias  de  pesquisa  (e  suas  porcentagens  relativas 
aproximadas,  num  Pafs  desenvolvido) 

Pesq.  pura 

Pesq.  aplicada 

n 

C.P. 

L.P. 

C.P. 

Pesq.  cientffica 

5% 

5% 

6% 

4% 

Pesq.  tecnoldgica 

- 

- 

50% 

30% 

Observapoes:  L.P.  =  a  longo  prazo;  C.P.  =  a  curto  prazo,  isto  d,  neces 
sitando  menos  de  2  anos  para  atingir  os  resultados. 
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Para  melhor  esclarecer  o  que  se  tem  em  vista  com  essas  diversas  catego 
rias  de  pesquisas,  convem  cicar  alguns  exemplos: 

Pesquisa  cientffica,  pura,  a  iongo  prazo:  Estudo  experimental  das  “partf 
culas"  elementares  com  vistas  a  formulapao  de  uma  teoria  satisfatdria 
sobre  a  constituipao  fntima  da  matdria; 

Pesquisa  cientffica,  pura,  a  curto  prazo:  Estudo  do  efeito  de  prestsoes  su 
per-elevadas  sobre  a  estrutura  do  bismuto  poli-cristalino; 

Pesquisa  cientffica,  aplicada,  a  longo  prazo:  Estudo  das  caracterfsticas 
dos  supercondutores,  com  vistas  a  sua  possfvel  aplicapao  futura  em  ins- 
trumentos  e  equipamentos  industriais; 

Pesquisa  cientffica,  aplicada,  a  curto  prazo:  Morfologia  da  inter-face 
sdlido-lfquido,  na  solidificapao  do  eut6tico  de  Mg  com  32%  de  Al; 

Pesquisa  tecnol6gica  (qecessariamente  aplicada),  a  longo  prazo  Estudo 
experimental  do  processo  de  lingotamento  contfnuo,  visando  a  sua  utiliza- 
pao  industrial  generalizada;  e 

Pesquisa  tecnol6gica  (necessariamente  aplicada),  a  curto  prazo:  Determi 
napao  das  caracterfsticas  das  pelotas  resultantes  da  aglomerapao  de  mind 
rios  brasileiros  com  uso  de  cal  como  aglomerante. 

No  que  concerne  este  tipo  de  atividade  (pesquisa)  o  pensamento  que  tem 
orientado  o  I.P.T.  6  o  seguinte:  diante  aas  condipoes  do  Pafs  e  de  suas  necessi- 
dades  evidentes,  toda  a  enfase  deve  ser  posta  nas  pesquisas  que  possam  ser  titeis 
a  curto  prazo.  Assim  sendo,  as  pesquisas  realizadas  no  I.P.T.  tem  que  ser  pre 
dominantemente;  pesquisas  aplicadas,  tdcnoldgicas  e  realizdveis  a  curto  prazo. 

Embora  apr6ppia  designapao  do  I.P.T.  indique  serem  as  pesquisas  tecno 
ldgicas  a  sua  principal  finalidade  nao  foi  essa,  nem  poderia  ter  sido  atd  recente- 
mente,  a  atividade  que  mais  atenpao  recebeqprr  parte  da  equipe  da  DIMET,  nos 
primeiros  20  anos  de  existencia  do  Instituto.  Num  Pafs  novo  a  maior  parte  das 
dificuldades  iniciais  para  a  indflstrializapao  se  resolvem  sem  a  necessidade  da 
pesquisa  sistematica;  os  outros  tipos  de  apao  aquf  considerados  sao  suficientes 
para  dar  solupao  a  maior  parte  das  consultas  e  problemas.  Poderfamos  dizer  que 
esses  outros  tipos  de  atividade  sao,  inicialmente,  mais  necess&rios  que  a  prdpria 
pesquisa.  Com  a  evolupao  da  inddstria,  pordm,  os  problemas  tendem  a  se  tornar 
mais  complexos  e  mais  importantes,  e  o  volume  de  pesquisa  tem  de  crescer,  obri 
gatoriamente.  Com  a  evolupao  da  indtistria  esta,  atravds  dos  seus  pr6piios  tdcni- 
cos,  pode  ir  buscar  onde  estiverem  aqueles  conhecimentos  que  antes  recebia  atra- 
v6s  do  Instituto;  pode,  tambdm,  por  seus  prdprios  meios,  resolver  os  problemas 
de  produpao  que  inicialmente  lhe  teriam  parecido  diffceis.  Assim,  as  solicitapoes 
impostas  a  uma  entidade  como  a  DIMET  do  I.  P.T.  gradualmente  se  especializam, 
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se  refinam  e  se  tornam  mais  diffceis  de  atender  de  imediato,  exigindo  entao  estu 
aos  experimentais  sistemdticos,  isto  d,  pesquisas. 

O  Quadroju,  apresenta  uma  sfniese  da  evolupao  das  atividades  da  DIMET, 
com  a  mudanpa  gradual  do  tipo  de  atividade  predominante.  Pode-se  dizer  que  a 
enfase  inicial  nos  ensaios  e  sua  interpretapao  passou,  por  volta  de  1.940,  a  divul 
gapao,  demonsfrapao  e  adaptapac  de  tdcnicas  e  materials;  por  volta  de  1.950  a  en.' 
fase  passou  para  a  assistencia  tdcnica  a  inddstria;  de  1.960  em  diante  a  enfase  de 
verd  ser  cada  vez  maior  na  pesquisa  tecno!6gica. 

A  tendencia  vem  sendo  a  de  atacar  problemas  cada  vez  mais  complexos  e 
de  maior  importancia  nacional.  as  circunstancias  exigem  e,  ao  mesmo  tempo, 
facilitam  esta  evolupao:  a  equipe  do  I.  P. T. ,  como  conjunto,  acumula  cada  vez 
mais  experiencia;  a  solicitapao,  o  interesse  c  o  apoio  da  inddstria  aumentam. 

De  outro  lado  essa  evolupao  cria  alguns  problemas  de  reajustamento  intemo  e  de 
preparapao  especial  da  equipe  tdcnica  para  melhor  desempenhar  sua  missao. 

Indubitavelmente  o  futuro  exigird  da  DIMET  cada  vez  mais  pesquisa  tecno 
16gica  original  bem  como  pesquisa  cientffica  aplicada. 


ASSISTENCIA  TECNICA 

A  DIMET  presta  a  inddstria  e  as  entidades  governamentis  uma  assistencia 
tdcniea  que  vai  desde  a  simples  informapao  atd  a  opiniao  ajnadurecida,  documen- 
tada  e  dada  por  escrito.  As  informapoes  ou  opinioes  sao  fornecidas  seja  no  pr6- 
prio  Instituto,  seja  na  inddstria  ou  entidade  interessada  quando  o  problema  assim 
o  exigir.  Um  grande  volume  de  assitencia  tdcnica  6  prestado  oralmente,  e  na  ma- 
ioria  das  vezes,  nem  siquer  d  registrado.  Em  muitos  casos,  pordm,  a  prestapac 
da  assistencia  pode  exigir;  visita  de  tdcnicos  do  I.  P.T.  para  colheita  de  informa- 
poes  c  amostras:  ensaios,  andlises  e  exames  especiais;  estudos  e  pesquisas. 

O  volume  de  informapoes  e  servipos  prestados  pelo  I.  P.  T.  a  inddstria  de 
Sao  Paulo  e  do  Brasil  por  este  mecanismo  foi  e  continua  a  ser  extraordindrio, 
mesmo  com  a  evolupao  da  inddstria  local,  jd  hoje  forte  e  independente,  este  tipo 
de  atividade  certamente  continuard  a  ser  mantida  e  a  ser  dtil.  Naturalmente  a  na 
tureza  das  informapoes  prestadas  se  tornard  cada  vez  mais  requintada. 


PRODUCAO  EXPERIMENTAL 

Atendendo  a  necessidades  do  meio  e  com  grande  vantagem  para  o  eficaz 
cumprimento  da  sua  missao  a  DIMET  desde  o  infcio  de  suas  atividades  manteve 
pequena  produpao  de  pepas  e  materials  metdlicos  necessdrios  a  inddstria  local  e 
nao  produzidos  no  Brasil.  Tal  atividade  foi  de  enorme  importancia  durante  a  dj. 
tima  guerra  mondial,  quando  o  suprimento  externo  foi  praticamente  cortado  ou 
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ou  sujeito  a  restripoes  severas.  Nessa  epoca  as  instalapoes  semi- industrials  da 
DIMET,  sabiamente  encomendadas  e  inslaladas  logo  no  infcio  da  guerra  (1.939- 
1.940)  trabaiharam  intensamente,  em  dois  e  ate  tres  turnos  de  servipo.  J&  se  co 
mentou  anteriormente  o  quanto  tal  atividade  contribuiu  para  infundir  confianpa  e 
para  dar  experieneia  e  objetividade  ao  corpo  tecnico  da  DIMET. 

O  pro'blema  que  se  apresenta  hoje  6  o  de  saber  ate  que  ponto  este  tipo  de 
atividade  deve  ser  contir.uado;  at 6  que  ponto  se  justifica.  E  esta  uma  questao  que 
tem  dado  margen  a  discussoes  construtivas  e  necess&rias.  Deve,  porfim,  ser  re 
solvida  friamenie,  pesando-se  objetivamente  as  vantagens  e  desvantagens  reais 
para  o  cumprimento  da  missao  do  I.P.T.  A  opiniao  simplista,  quase  apaixonada, 
e  certamente  muito  influenciada  por  modelos  estrangeiros,  de  aplicapao  discutf- 
vel,  de  que  tal  atividade  nao  se  justifica  num  Institute  de  Tecnologia  e  deveeser 
extinta,  nao  pode  ser  aceita:  De  outro  lado,  a  manutenpao  de  um  corpo  numeroso 
de  funcionfirios  e  equipamentos  semi- industrial  simplesmente  para  atender  a  so- 
licitapoes  rotineiras  de  algumas  inddstrias  tambem  nao  tem  justificativa.  Cert  a- 
mente  nehum  sentido  tem  hoje  a  produpao  em  grande  volume,  no  I.  P.T.  Como 
sempre  "in  medio  virtus":  a  esta  altura  da  evolupao  da  inddstria  brasileira  e  do 
I.P.T.  6  preciso  restringir  tais  atividades  de  produpao  experimental  aqueles  ca¬ 
ses  realmente  importantes  e  significativos  que  substancialmente  contribuam,  di- 
reta  e  indiretamente,  para  o  progresso  da  metalurgia  nacional. 


DIVULGACAO  DE  PROCESSOS  E  MATERIAIS  MET  A  LI  COS 

Tarefa  das  mais  importantes  para  um  Institute  de  Tecnologia,  num  Pafs 
em  desenvoivimento  6  a  de  atuar  como  uma  "a^tena"  que  capte  as  melhores  infor 
mapoes  referentes  aos  novos  processos  e  materiais  e  as  transmita  de  diversas 
maneiras  ao  meio  tdcnico  local.  A  simples  dificuldade  de  lingua  e  a  inexistencia 
de  uma  literatura  tdcnica  abundante  num  Pafs  novo  exige  que  instituipoes  como  o 
I.P.T.  hajam  como  centros  de  difusao  de  informapoes  e  literatura  tdcnica.  E 
uma  de  funpoes  mais  importantes  e  uma  de  suas  atividades  mais  fdrteis. 

Os  tecnicos  do  I.P.T.  pubiicaram,  ate  hoje,  cerca  de  300  trabalhos  no 
campo  da  metalurgia  (vide  "Lista  de  trabalhos  publicados  pelo  I.  P.T.  no  campo 
da  metalurgia").  Do  total  dos  trabalhos  ppresentados  a  Associapao  Brasileira 
de  Metais  (e  por  esta  publicados)  nos  seus  20  anos  de  existencia,  eerca  de  40% 
foram  apresentados  por  tecnicos  do  I.  P.T.  (cerca  de  240  num  total  de  aproxima 
damente  550). 

Classificando  os  292  trabalhos  publicados  pelos  tecnicos  dc  Institute  de 
Pesquisas  Tecnoldgicas  tem-se  a  seguinte  distribuipac,  conforme  o  setor  da  me 
talurgia  a  que  correspondem: 

Assuntos  gerais  relativos  a  metalurgia  •  15  trabalhos;  Minerios  e  seu 

tratamento  =  7:  Metalurgia  extrativa  dos  Nao  Ferrosos  =  57;  Materias 
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primas  sidertirgicas  =  6;  Redupao  de  minbrios  de  ferro  =10;  Produpao 
de  Apos  comuns  e  especiais  =  14;  Transformapao  mecanica  =  1;  Ferros 
Fundidos  =  29;  Fundipao  e  elaborapao  de  ligas  nao-ferrosas  =  14;  Fundi 
pao  de  apos  =  1;  Processos  especiais  de  fundipao  =  1;  Materials  de  mol 
dagem  =  30;  Pulvimetalurgia  =  13;  Solda  =  1;  Tratamentos  tbrmicos  =  9; 
Metaiografia  ferrosa  =  21;  Metalografia  dos  nao  ferrosos  =  2;  Ffsica  dos 
metais  =  8;  Ffsico-qufmica  metaldrgica  =  15;  Equipamentos  industrials  = 

2;  Estudos  econ6micos  =  3;  Propriedades  mecanicas.  Ensaios  de  metais  = 
11;  Corrosao  =  1;  Especificapoes  e  normas.  Controle  de  qualidade  =  8; 
Aplicapoes  dos  metais  e  ligas  e  seus  problemas  =  13. 


COLABORACAO  NO  ENSINO  PRATICO  ESPECIAUZADO 

O  I.  P.T.  nao  6  escola,  nao  mantendo  curses  nem  confcrindo  diplomas. 

No  entanto,  jd  peia  sua  origem  (nasceu  do  Laboratbrio  de  Ensaios  de  Materials  da 
Escola  Politbcnica  da  Universidade  de  Sao  Paulo),  j£  pelas  condipoes  loeais  (neces 
sidade  de  formapao  de  espeeialistas  nos  diversos  setores  da  tbcnica  e  insuficieneia 
dos  laboratOrios  escolares,  o  I. P.T.  tern  sempre  colaborado  em  atividades  que  vi 
sam  a  formapao  de  espeeialistas. 

Na  Fig.  3,  indica-se  esquemdticamente  uma  conceppao  (evidentemente  sim 
plista)  do  engenheiro  como  computador  especializado  para  a  solupao  de  problemas 
tbcnicos  (claro  estd  que  o  engenheiro  deve  ser  possuidor  de  outras  caracterfsticas 
e  motivapoes  como  ser  humano.  mas  estas  nao  interessam  ao  esquema  acima, 
simplificado  propositadamente).  A  colaborapao  do  I. P.T.  tern  sido  dada  ao  supri 
mento  de  conhecimentos  especializados  e  de  experiencia  tbcnica  a  alunos,  estagib 
rios  e  engenheiros. 

Assfm  6  que  o  I.  P.T.  vem  prestando  hfi.  muitos  anos  os  seguintes  servipos: 
colaborapao  nas  aulas  prbtieas  de  certas  Disciplinas  da  Escola  Politbcnica;  admi- 
ssao  de  ndmero  limitado  de  Asssistentes  -  Alunos  (alunos  da  Escola  Politbcnica 
principalmente,  mas  nao  ^xclusivamente)  para  coiaborarem  nos  trabalhos  normals 
do  Instituto;  admissao  de  estagidrios  (engenheiros  e  tOcnicos)  da  indtistria  e  de  en 
tidades  governamentais,  nao  s6  brasileiros  como  extrangeiros;  colaborapao  na  or 
ganizapao  e  na  execupao  de  cursos  especiais  abertos  ao  publico,  inclusive  alguns 
dados  por  professores  estrangeiros;  permissao  a  certos  de  seus  tbcnicos  para 
lecionarem  na  Escola  Politbcnica. 

Na  Escola  Politdcnica  engenheiros  do  K.  P.T.  lecionam  as  Disciplinas  se¬ 
guintes:  Metalurgia  Extrativa  dos  Nao  Ferrosos,  Siderfirgia;  Metalografia  Ferro 
sa:  Metalografia  dos  Nao  Ferrosos  Ffsico-Qufmica  Metaidrgica  (outras  Discipli¬ 
nas  sao  lecionadas  por  ex-ipeteanos).  Na  ABM  os  teenicos  do  l,  P.T,  colaboraram 
na  realizapao  dos  seguintes  Cursos  Especiais:  Prinefpios  B&sicos  da  Metalurgia; 
Apos  Carbono  e  Apos  Liga;  IXmdipao;  Tratamentos  Superficiais ;  etc. 
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Cerca  de  180  assistentes-alunos  j&  passaram  pela  DIMET  do  I.  P.T.  ncs 
ulumos  30  anos.  Um  total  de  cerca  de  40  Engenheiros  iamben  ja  trao^iharam  na 
Divisao,  e  atualmente  prestam  sua  colaborapao  a  inddstria  metaldrgica,  onde  ocu 
pam  os  mais  altos  postos.  Cerca  de  500  estagi&rios  de  di versos  nfveis  tambdm 
j &  obtiveram  ensinamentos  prdticos  em  perfodos  de  treinamento  na  DIMET. 

A  contribuipao  que,  dessa  forma,  a  DIMET  do  I.P.T.  fez  e  faz  ao  desen- 
volvimento  da  metalurgia  nacional  6  enorme  e  corresponde  a  um  dos  maiores  ser 
vipos  que  a  instituipao  pode  prestar  ao  Pafs. 


COLABORACAO  EM  ATIVIDADES  ASSOCIATIVAS  DE  INTERESSE  COLETIVO 

Outro  grande  servipo  que  o  I.P.T.  prestou  e  continua  a  prestar  ao  Pafs 
atravds  da  sua  DIMET  consiste  no  apoio  decisivo  que  tern  dado  a  Assoeiapoes  co- 
mo  A.  B.M.  (Associapao  Brasileira  de  Metais)  e  I.  B.S.  (Instituto  Brasileiro  de 
Slderurgica).  Estas  entidades,  conjugando  os  esforpos  de  tdcnicos  e  empresas 
com  a  finalidade  de  intercambio  tdcnico  e  colaborapao  desinteressada  em  beneffe  .r 
cio  da  Metalurgia  brasileira  receberam  do  I.  P.T.  apoio  essencial. 

A  A. B.M.  foi  fundada  em  1944,  para  a  sua  fundapao  e  operapao  durante 
os  seus  primeiros  10  anos  de  existencia  deper.deu  do  trabalho  intenso  e  desinte- 
ressado  de  numerosos  engenheiros  do  I.  P.T.  Atd  1954,  esteve  sediada  no  pro- 
prio  Instituto  e  deste  recebeu  apoio  e  substancial  auxflio  financeiro  direto  e  indi 
reto.  Atd  hoje  o  I. P.T.  e  seus  engenheiros  prestam  colaborapao  importante  as 
atividades  da  A.  B.  M. 

No  caso  do  I. B.S.  a  colaborapao  do  I. P.T.  tambfim  foi  essencial  tendo  o 
Instituto  proporcionado  ao  I. B.S.  os  servipos  desinteressados  e  gratuitos  de 
seus  tdcnicos,  durante  todo  o  perfodo  inicial  de  organizapao  e  estructurapao  da- 
qutle  Instituto. 

Colaborapao  aprecilvel  tambdm  6  prestada  a  A.  B.  N.  T.  (Associapao  Bra 
sileira  de  Normas  T6cnicas).  Em  todos  esses  casos  o  objetivo  do  I.P.T.  6  o  de 
contribiiir  para  o  sucesso  dessas  entidades  ue  interesse  nacional,  sempre  dentro 
daquilo  que  se  poderia  denominar  de  ’  espirito  do  I.  P.T.  (trabalho  desinteres- 
sado  e  entusi&stico  para  atingir  objetivos  altos,  acima  dos  interesses  de  indivfduos 
ou  grupos). 

A  Fig.  4  indica  esquemSLticamente  a  interdependencia  das  escolas,  Institu¬ 
tes  Tecnoidgicos,  Associapoes  Tdcnicas  e  a  inddStria,  que  juntas  cooperam  para 
o  progresso  industrial,  tdcnico  e  social  do  Brasil. 


4.4.  Setores  de  Atividade  da  DIMET  do  I.P.T. 


Nos  seus  32  anos  de  vida  o  I.  P.T.  tern  dirigido  a  sua  atencao  para  diver- 
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sos  setorcs  ou  campos  da  metalurgia.  A  atenpao  que  esses  campos  tem  recebido 
tem  variado  conforms  as  necessiaaaes  do  meio  e  as  possibiiiaades  da  instiiuip&o. 


No  Quadro  IV,  acha-se  indicada  suscintamente  c  evoiucao  da  DIMET  do 
ponto  de  vista  dos  setores  de  atividade  iniciados  em  diversas  dpocas. 

No  Quadro  V,  acham-se  indicadas  as  Secpoes  atuais  e  os  tipos  de  ativida¬ 
de  a  que  se  dedicam  principalmente.  Embora  sejam  apenas  9  Secpoes  trabalham 
em  problemas  correspondentes  a  um  muito  maior  ndmero  de  setores  da  Metalur 
gia. 


A  seguir  sao  apresentadas  resumidamente  as  contribuipoes  e  atividades  da 
DIMET  do  I.P.T.  nesses  diferentes  setores.  No  futuro  serS.  necess&rio  ampliar 
o  ndmero  de  Secpoes  especializadas  e,  provavelmente,  reunf-las  em  grupos  afins, 
conforme  indicado  no  Quadro  VI.  Esta  medida  parece  necess&ria  para  que  possam 
ser  rnelhor  atendidos  certos  setores  (por  exemplo:  solda,  pulvimetalurgia,  etc.) 
em  que  a  atividade  atual  d  reduzida  por  falta  de  recursos  humanos  e  materials. 


SETOR  I  -  MINERIOS  E  SEU  TRATAMENTO 

Ob  jetivos  :  Concentrapao  de  mindrios  e  resfduos  industrials  de  interes- 
se  metaldrgico. 

Justificativa:  O  aproveitamento  de  certos  mindrios  nacionais  exige 
colaborapao  estreita  entre  especialistas  em  tratamento  de  mindrios  (concentrapao) 
e  especiaiistv-s  no  processamento  metaldrgico.  Ex:  aproveitamento  dos  itabiritos 
na  siderurgia  nacional  ou  para  exportapao. 

Trabalho  realizado  e  a  realizar:  Atd  cerca  de  1940  exis- 
tiu  Secpao  especializada,  equipada  para  estudar  a  concentrapao  e  o  tratamento  de 
mindrios  metalurgicos.  A  Secpao  foi  extinta  nessa  dpoca  devido  ao  desenvolvimen 
to  de  entidades  (Instituipoes  especializadas;  Instituto  Geogrdfico  e  Geoldgico  e  La 
borat6rios  da  Escola  Politdcnica).  No  entanto,  parece  certo  que,  no  futuro,  a  exis 
tencia  no  I.  P.T.  de  Laboratdrio  para  estudo  desses  problemas  se  justificaria,  vis 
to  que,  cada  vez  mais,  os  problemas  da  concentrapao  e  beneficiamento  de  mindrios 
se  entreiapa.  Nota-se  que  a  solupao  de  certos  problemas  apresentados  ao  I.P.T. 
fica  prejudicada  ou,  pelo  menos,  retardada,  pela  inexistencia  de  equipe  prdpria 
especializada  nesses  estudos.  Parece  aconseihavel,  quando  possfvel,  a  reconsti 
tuipao  da  antiga  Secpao. 


SETOR  li  -  METALURGIA  EXTRATIVA  DE  METAIS  NAO  FERROSOS 

Ob  jetivos  ;  Redupao  e  refino  dos  metais  nao  ferrosos  de  maior  interes- 
se  industrial  para  o  Brasil. 
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QUADRO  IV  -  Evolupao  da  DIMET  do  I.  P.T. :  6]?ocas  em  que  foram 
iniciadas  atividades  mais  intensas  em  setores  impor 
tantes  da  metalurgia. 

Setor  da  metalurgia 

Infcto  (aprox.) 

• 

Ensaios  mecanicos 

1932 

Metalografia 

1932 

Fundi'pao  de  ferrOi.-  fundidos 

1940 

Areias  siiit6ticas 

1940 

Met.  extrativa  dos  nao  ferrosos 

1940 

Produpao  de  apos  (ling^tes  e  pepas) 

1940 

Forjamento  de  apos 

1945 

Prod,  de  ligas  nao  ferrosas 

1945 

Mat6rias  primas  siderfirgicas 

1945 

Tratamentos  t6rmicos  industriais 

1945 

Pulvimetalurgia 

1950 

Redupao  de  min6rios  de  ferro 

1950 

Metalurgia  ffsica 

1950 

Corrosao 

1960 

Justificativa:  A  necessidade  de  um  maior  desenvolvimento  da  meta- 
lurgia  dos  nao  ferrosos  no  Brasil  6  reconheeida.  O  I.  P.T.  j£  fez  no  passado  im 
portantfssimas  contribuipoes  e  deverS.  a  fase-las  no  futuro,  visando  aproveita- 
mento  de  min6rios  nacionais. 

Trabalho  realizado  e  a  realizar;  HI  uma  Secpao  especia 
lizada  sob  orientapao  do  eminente  Prof.  Dr.  Tharcisio  Damy  de  Souza  Santos  rea 
lizou  extraordin&rio  trabalho  de  estudo,  experimentapao  em  esoala  piloto,  pesqui 
sa  teenoldgica,  assistencia  t^cnica  especializada  e  divulgapao,  especialmente  no 
caso  das  metalurgias  de  Pb,  Cu,  Ni,  Al,  Zn  e,  mais  recentemente,  de  uranio. 

Foi  uma  contribuipao  inestirn&vel  e  por  todos  reeonhecida.  No  futuro,  jS.  nao  eon 
tando  com  a  colaborapao  daquele  ilustre  Professor,  .deverS.  o  I.  P.T.  procurar  for 
mar  uma  nova  equipe  especializada  pois  os  trabalhos  nesse  setor  evidentemente 
precisam  continuar  e,  at§,  se  intensificar.  O  futuro  da  metalurgia  dos  nao-ferro 
sos  no  Brasil  vai  depender,  e  muito,  do  que  venha  a  ser  feita  na  DIMET  do  I. P.T. 
para  a  solupao  dos  seus  problemas  t^cnicos.  SerS  essencial  desenvolver  a  meta¬ 
lurgia  dos  metais  comuns  e  dos  especiais  (W,  Nb,  Ta,  Ti*  Cr,  Be,  Li,  etc. ) 
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QUADRO  V  -  Atuais  Secpoes  da  DIMET  e  atividades  que  desenvolvem 
(N.  B:  As  Secpoes  da  DIMET  correspondem  a  setores  da 
metalurgia) 


Met.  extrativa  dos 
nao  ferrosos 


Matdrias  primas 
siderdrgicas 


Redupao  de  mindrios 
de  ferro 


Produpao  de  apos 


Fundipao  de  ferros  fundidos 


Ligas  nao  ferros  as 


Materials  de  moldagem 


Metal  ografia 


Ffsico-qufmica  Metaldrgica 


03  % 

c 


£  ®  O 


“•2  S  g  §  %  o  -g 

"5  «  .2-2  o  S  c  § 

»  s*  §  «  «  a  8  g 

W  03 


Q  03  W  c 


O  =  Nenhuma;  1  =  Pouca;  2  =  Apreci&vel;  e  3  =  Intensa 


Divulgapao 


111-22 


SE'TOR  III  -  MATERIAS  PRIMAS  SIDERURGICAS 

Gbjetivus  :  Tratamentos  metaiargicos  de  minerios  de  ferro  (sinteriza- 
pao,  pelotizapao,  briquetafcem,  etc.)  Prpcessamento  de  carvoes  para  uso  meta- 
Ifitrgico.  Processamento  de  outros  materials  de  interesse  metaldrgico  (fundente 
e  materials  especiais).  Caracterfsticas  das  matdrias  primas  siderdrgicas. 

Justificativa:  A  inddstria  siderdrgica  de  todo  o  mundo  acha-se  inte- 
ressada  e  empenhada  no  estudo  dos  processos  de  preparo  das  matdrias  primas  de 
que  necessita  em  grande  tonelagem.  Na  realidade,  pode-se,  dizer  que  metade  do 
progresso  da  tdcnica  de  alto  forno  nos  dltimos  20  anos  deveu-se  a  melhorias  das 
caracterfsticas  das  matdrias  primas  usadas.  Existem  no  Estado  de  Sao  Paulo 
grandes,  mddias  e  pequenas  empresas  siderdrgicas  que  certamente  muito  lucra- 
rao  com  estudos  e  pesquisas  sistemdticas  visando  a  melhoria  de  matdrias  primas 
carregadas  nos  altos  fornos.  Aldm  disso,  tais  estudos  tern  interesse  geral  para 
o  Pafs,  muito  especialmente  para  o  preparo  de  mindrios  para  a  exportapao. 

Trabalho  realizado  e  a  realizar:  Importante  foi  a  contribuipao 
da  DIMET  para  o  conheeimento  dos  processos  de  sinterizapao  dos  mindrios  de 
ferro,  e  estudados  desde  1945.  Hd  cerca  de  dois  anos  criouse  a  Secpao  especiaU 
zada  que  jd  fez  importantes  contribuipoes  no  estudo  da  pelotizapao  de  mindrios  de 
ferro,  por  contrato  com  a  Cia.  Vale  do  Rio  Doce,  a  maior  exportadora  brasileira 
de  mindrios  de  ferro.  E  necessdrio  intensificar  ainda  mais  os  estudos  e  pesqui¬ 
sas  tendo  em  vista  a  plena  utilizapao  das  colossais  reservas  de  mindrio  de  ferro 
brasileiras.  Tambdm  serd  necessdrio  iniciar  estudos  sistemdticos  refe rentes  aos 
carvoes  brasileiros  de  interesse  metaldrgico.  Dado  o  desenvolvimento  da  indds- 
tria  siderdrgica  brasileira  esta  Secpao  estd  destinada  a  desempenhar  papel  de  re 
levo  na  tecnologia  brasileira.  E  importante  ampliar  muito  as  suas  atividades. 


SETOR  IV  -  REDUCAO  DE  MINERIOS  DE  FERRO 

Ob jetivos  :  Caracterfsticas  fundamentals  dos  processos  industrials  de 
redupao  dos  mindrios  de  ferro  (em  altos  fornos  ou  por  processos  especiais).  And 
lise  e  estudc  comparativo  dos  numerosos  processos  propostos,  visando  a  selepao 
das  tdcnicas  de  maior  interesse  para  o  Pafs.  Experimentapao  em  escala  de  labo- 
ratdrio,  ou  em  escala  piloto,  de  tdcnicas  e  processos  de  redupao  que  apresentem 
boas  perspectivas  de  utilizapao  no  Pafs. 

Justificativa:  O  desenvolvimento  intensivo  da  siderurgia  nacional  d 
um  imperativo.  O  passo  essencial  em  toda  a  inddstria  siderdrgica  d  a  passagem 
do  mindrio  ao  gusa  ou  ao  ferro  esponja:  uma  vez  obtido  o  metal  primdrio  (gusa 
ou  esponja)  o  processamento  posterior  d  relativamente  fdcil,  em  comparapao. 

Os  processos  de  redupao  estao  em  evolupao  rdpida  e  o  Brasil  precisa  estudd-los 
intensamente,  para  poder  tirar-lhes  o  m&ximo  de  proveito. 
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Trafcalho  realizadc  e  a  realizar:  Desnecess&rio  assinalar  a 
importancia  dos  trabalhos  de  estudo  e  pesauisa  neste  setor  da  metaiurgia,  que 
compreende  nao  s6  a  redupao  dos  mindrios  de  ferro  em  altos  fornos  (talvez  os 
reatores  mais  importantes  da  inddstria)  como  tamb6m  a  redupao  por  processos 
especiais,  ditos  "de  redupao  direta".  A  DIMET  jd  fez  no  passado  importantes 
contribuipoes  para  o  esclarecimento  desses  processos,  principalmente  quanto  a 
adaptapao  de  certos  processos  de  produpao  de  ferro  esponja.  Recentemente  foi 
criada  Secpao  especializada  que  precisa  ser  muito  desenvolvida  no  futuro  de  mo 
do  a  atender  eficientemente  a  inddstria  siderdrgica  brasileira  nesse  importante 
setor. 


SETOR  V  -  PRODUCAO  DE  ACOS  COMUNS  E  ESPECIAIS 

Ob  jetivos  :  Caracterfsticas,  detalhes  e  problemas  especiais  da  produ¬ 
pao  (refino  e  lingotagem)  dos  apos  comuns  e  especiais. 

Just  ificativa:  O  I.  P.  T.  tem  tradipao  neste  campo,  tendo  sido  pionei 
ro  na  produpao  de  apos  especiais  no  Pafs,  por  tdenicas  modernas,  durante  a  dlU 
ma  guerra.  Numerosos  problemas  persistem  e  numerosas  possibilidades  de  melho 
ria  e  invenpao  existem  neste  setor  basico  da  metalurgia.  O  I.  P.T.  precisa  manter 
equipe  ativa  neste  setor. 

Trabalho  realizado  e  a  realizar:  Foi  importante  a  contribuipao 
da  DIMET  neste  setor.  Desde  1940  ha  Secpao  especializada  que  trabalhou  intensi- 
vamente  durante  a  tiltima  guerra  para  ajudar  a  suprir  a  inddstria  nacional  com 
apos  especiais  ou  apos  que  obedecessem  a  especificapoes  rfgidas.  Para  atender 
a  inddstria,  principalmente  no  perfodo  de  1940  a  1955,  foram  produzidos  milha- 
res  de  toneladas  de  pepas  ou  lingotes  (entregues  diretamente  ou  forjados  no  pr6- 
prioI.P.T.)  Estudou-se,  concomitantemente,  a  tdcnica  de  ope  rap  ao  de  fornos 
eldtricos,  em  vdrios  dos  seus  aspectos  de  interes®  industrial.  Mais  recentemen 
te  tem  sido  realizadas  importantes  pesquisas  tecnol6gicas  visando  a  adaptapao  e, 
mesmo,  a  invenpao  de  novas  tdcnica?,  mais  adaptadas  as  condipoes  locais.  Diver 
sas  patentes  tem  sido  pedidas.  E  importante  a  continuapao  de  tais  atividades, 
principalmente  para  a  introdupao  e  divulgapao  no  Pafs  das  novas  tdcnicas  de  pro¬ 
dupao  de  apo  (conversao  aoxigenio,  uso  de  atmosferas  controladas,  uso  do  v&cuo, 
etc. )  e  de  lingotamento  (tdcnijas  especiais  de  lingotamento  descontfnuo  e  contfnuo) 


SETOR  VI  -  FERROS  FUNDIDOS 

Ob  jetivos  :  Estudo  dos  problemas  e  tdcnicas  modernas  de  fundipao  de 
ferros  fundidos.  Fornecimento  a  inddstria  local  de  pepas  em  ligas  especiais,  nao 
produzidas  no  Pafs.  Pi*estapao  de  assistencia  tdcnica  efieiente  e  objetiva. 

Justificativa:  Existem  no  Brasil  centenas  de  fundipoes  de  ferro  fun- 
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dido  6  liga  da  mais  ampla  e  corrente  aplicacao.  e  o  estudo  das  suas  caracteHsti- 
cas  e  dos  mdtodos  de  preparapao  e  fundipao  apresenta  grande  interesse  para  o 
desenvolvimentc  da  inddstria  naeional. 

Trabalho  realizado  e  a  reaiizar:  A  contribuipao  feita  pela 
DIMET  do  I.P.T.  neste  setor  nao  pode  ser  suficientemente  louvada.  Para  a 
teenologia  brasileira  a  organizapao  e  instalapao  de  uma  fundipao  modelo  no  I.P.T. 
por  volta  de  1940,  sob  a  direpao  do  eminente  Eng.  Miguel  Siegel,  toi  marco  im- 
portantfssimo .  Significou  a  liberapao  das  fundipoes  iocais  do  artezanato,  asse- 
gurando-lhes  assistencia  tdcnica  eficaz,  por  equipe  de  alto  nfvei,  usando  t6cnicas 
modernas  em  instalapoes  modelo.  Significou  mais;  significou  a  total  liberapao 
dos  tecnologistas  brasileiros  das  peias  que  os  prendiam,  ate  entao,  ao  academis 
mo  e  aos  trabalhos  de  laboratdrio  exclusivamente.  Atraves  da  Secpao  de  Ferros 
Fundidos  e  das  outras  Secpoes  correlatas  o  I.  P.T.  pode  prestar  decisiva  colabo- 
rapao  a  indust  riali  zap  ao  brasileira,  fornecendo-lhe  '’know-how"  da  forma  mais 
direta  possfvel  (isto  e,  da  demonstrapao  em  escala  piioto)  das  modernas  tdcnicas 
de  fundipao.  No  perfodo  de  1940  a  1950  a  Secpao  de  Ferros  Fundidos  trabalhou 
ativamente  em  regime  quase  industrial,  fornecendo  pepas  de  todos  os  tipos  e  di 
vulgando  tecnicas  atrav6z  de  desenas  de  trabalhos  publicados.  Hoje,  com  o  pro 
cesso  da  indiistria  naeional  a  enfase  deve  deslocar-se  para  o  estudo  de  problemas 
especiais  e  para  a  pesquisa  sistem&tiea,  sendo  o  trabalho  de  fornecimento  de  pe¬ 
pas  inteiramente  seeunddrio. 


SETOR  VII  -  FUNDIOAO  E  ELaBORACAO  DE  LIGAS  NAO  FERROSAS 

Ob  jetivos  :  Estudo  dos  problemas  e  detalhes  das  tdcnicas  de  preparo  e 
de  fundipao,  em  areia  de  li'.;as  de  alumfnio,  de  cobre,  de  nfquel,  etc. 

Justif icativa :  Existem  ria  Estado  e  no  Pafs,  centenas  de  fundipoes  de 
ligas  nao  ferrosas.  O  processo  correto  e  a  fundipao  em  areia  dessas  ligas  apre- 
sentam  problemas  de  dificuldades  que  devem  ser  estudadas  e  pesquisadas  por  ins 
tituipoes  como  o  I.  P.T.  para  beneffcio  geral  da  indtistria  naeional. 

Trabalho  realizado  e  a  reaiizar;  O  trabalho  deste  grupo  da 
DIMET  foi  e  continua  a  ser  muito  semelhante  ao  da  Secpao  de  Ferros- Fundidos. 

HS  Secpao  especializada  que  5  uma  das  unidades  da  DIMET  mais  solicitada  no  que 
diz  respeito  a  assistencia  tdcnica  e  a  produpao  experimental  de  pepas  e  ligas  es¬ 
peciais  (fundidas  ou  forjadas).  Esta  atividade  continuarS.  a  ser  importante  no  futu 
ro  imediato,  dada  a  grande  variedade  de  ligas  nao  ferrosas  especiais  que  cada  vez 
mais  interessam  a  indtistria  brasileira.  No  entanto,  serd  necess&rio,  tambdm 
aquf  recorrer  cada  vez  mais  ao  estudo  e  a  pesquisa  tecno!6gica  com  o  objetivo  de 
adaptar  e  desenvolver  novas  tdcnicas  e  materials,  ou  aperfeipoar  os  conhecimen- 
tos  relativos  aos  processos  e  ligas  j&  em  uso. 
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SETOR  VIII  -  FUNDICAO  DE  ACOS 

Objetivos:  Estudo  aos  aetaihes  e  probiemas  da  tecnica  de  fundipao  de 
pepas  de  apos  comuns  e  especiais. 

Justificativa:  A  fundipao  de  apos  apresenta  dificuldades  especiais. 

O  parque  industrial  brasiieiro  neeessita  de  apoio  tecnico  de  alto  padrao  para  po- 
der  desenvolver  este  setor  da  metalurgia  com  seguranpa  e  com  o  mfiiimo  de  per 
das.  O  I.  P.T.  deve  ser  capaz  de  fornecer  todas  as  informapoes  necess&rias  e 
de  resolver,  atrav6s  de  pesquisa,  os  probiemas  especfficos  que  existem  ou  ven- 
ham  a  surgir. 

Trabalho  realizado  e  a  realizar:  A  atividade  da  DIMET  setor 
tern  sido  muito  limitada,  embora  tenha  existido  sempre,  em  pequena  escala. 
Nunca  se  chegou  a  desenvolver  "know  how”  prdprio  apreci&vel,  capaz  de  possibi- 
litar  uma  eficaz  assistencia  a  indflstria.  E  necessirio,  no  future  imediato,  fazer 
com  que  a  DIMET  promova,  neste  setor,  estudos  e  atividades  semelhantes  as 
desenvolvidas  pela  British  Steel  Castings  Research  Association,  por  exemplo. 

E  necessdrio  divulgar  tecnicas,  aperfeiq  o£L-las  e  adapti-las  as  condipoes  das 
fundipoes  de  apo  brasileiras. 


SETOR  IX  -  PROCESSOS  ESPECIAIS  DE  FUNDICAO 

Ob  jptivos  :  Estudo  e  demonstrapao  de  tecnicas  especiais  e  modernas 
de  fundipao  (fundipao  de  precisao,  shell  molding,  fundipao  em  moldes  permanent 
tes,  fundipao  sob  pressao,  etc. ) 

Justificativa:  Numerosas  sao  as  tecnicas  hoje  utilizadas  industrial- 
mente  para  a  obtenpao  de  pepas  especiais  (para  a  indfistria  automobilfstica,  de 
utensflios,  de  aeronfiutica,  etc).  E  necessiria  a  existencia  de  um  centro  espe- 
cializado  no  estudo  e  na  divulgapao  dessas  tecnicas,  no  Brasil. 

Trabalho  realizado  e  a  realizar:  A  ativicade  da  DIMET  neste 
setor  foi  limitada,  ate  o  momento,  mas  e  imprescindfvel  um  grande  impulso  nes 
te  setor  onde  tantas  novas  tecnicas  tern  surgido,  possibilitazido  grandes  progres¬ 
ses  da  inddstria  de  fundipao.  O  objetivo  deverS.  ser  principalmente  o  de  obter  pe 
pas  isentas  de  defeitos  internos,  com  superffeie  perfeita  e  lisa,  e  obedecendo  a 
tolerancias  dimensionais  estreitas.  Serd  necessdrio  estudar  sitemdticamente  o 
divulgar  os  processos  de  fundipao  que  usam  moldes  especiais  de  todos  os  tipos 
(inclusive  os  semi-permanentes  e  permanentes),  e  aplicam  todos  os  recursos  mo 
dernos  de  preparo  de  ligas  (especialmente  vacuo  e/ou  pressoes  elevadas).  Serd 
necess&rio  desenvolver  e  acumular  conhecimentos  que  coloquem  o  I.T.T.  em 
condipoes  de  assegurar  o  futuro  desenvolvimento  da  tecnica  de  fundipao  no  Brasil. 
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SETOR  X  -  MATERIAIS  DE  MOLDAGEM 


Ob  jetivos  :  Estudo  das  caracterfstic.as  e  processamento  de  materials 
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sintdticas,  revestimentos  para  fundipao  de  precisao,  etc). 


Justificativa:  0  sucesso  da  maioria  dos  processos  de  fundipao  depen 
de  principalmente  das  caracterfsticas  dos  materials  dos  moldes  em  que  o  metal 
lfquido  €  vazado.  Justifica-se,  pois,  a  existeneia  de  um  ndcleo  especializado  na 
elaborapao  o  ensaio  desses  materials. 


Trabalho  realizado  e  a  realizar:  Pioneira  foi  a  DIMET  do  Ins 
tituto  de  Pesquisas  Tecnoldgicas  no  Brasil,  no  estudo,  ensaio  sistemdtico  e  pre- 
paro  de  areias  sint6ticas  de  fundipao.  Concomitantemente  com  a  Secpao  de  Fe¬ 
rros  fundidos  foi  organizado  em  1940  o  Laborat6rio  de  Areias  (hoje  Secpao  de  ma 
terias  de  Moldagem)  e  instalado  equipamento  moderno  para  o  preparo  de  areias 
s intdtic as  de  fundipao.  Passo  decisivo,  esta  iniciativa  do  I.  P.T. ,  contando  es- 
pecialmente  com  a  colaborapao  do  Engs  Miguel  Siegel,  jd  mencionado  anterior- 
mente,  imprimiu  um  impulso  extraordindrio  a  tecnologia  de  fundipao  local.  Po 
der-se-ia  dizer  que,  de  um  s6  golpe,  ganhou-se  10  anos  de  progresso.  Gradati 
vamente,  pelo  exempio  e  atravds  da  assistencia  tdcnica  do  I.  P.T. ,  foram  as  fun 
dipoes  abandonando  suas  "terras  de  fundipao"  escolhidas  por  tradipao,  para  se 
equiparem  com  ’nstalapoes  mcdernas  de  preparo  de  materials  tecnieamente  pre 
parados  e  controlados.  No  futuro  as  atividades  desta.  Secpao  deverao  dirigir-se  . 
para  o  estudo  dos  materials  especiais  usados  nos  processos  de  moldagem  "em 
casca"  (shell  molding),  fundipao  de  precesao,  moldes  serni-permanentes,  etc. 

Hd  muito  que  fazer  nesse  setor. 


SETOR  XI-  TRANSFORMACAO  MECANICA 

Ob  jetivos  :  Estudo  de  detalhes  de  especial  importancia  para  a  prdtica 
dos  processos  de  laminapao,  forjamento,  trefiiapac,  extrusao,  etc. 

Justificativa:  A  transformapao  mecanica  polos  processos  de  lamina 
pao,  forjamento,  etc. ,  d  usada  intensivamente  na  inddstria  metaldrgica  para  a 
produpao  de  chapas  e  perfis  de  ligas  ferrosas  e  nao  ferrosas.  A  formapao  de  uma 
equipe  especializada  no  estudo  dos  detalhes  dos  mesmos,  no  I.P.T.,  certamente 
contruibuird  para  o  desenvolvimento  da  inddstria  metaldrgica  local. 

Trabalho  rea  1  i  zado  e  a  re  ad  i  z_a  r :  Durante  a  dltima  guerra  o 
Instituto  de  Pesquisas  Tecnoldgicas,  dispondo  de  instalapoes  piloto  para  o  forja 
mento  de  apos  e  ligas  nao  ferrosas,  contribuiu  significativamente  para  a  indds¬ 
tria  local,  fornecendo-lhe  materiais  especiais  de  diffcii  ou  impossfvel  importa- 
pao.  Ainda  hoje  muitos  dos  materiais  fornecidos  pela  DIMET  apedido  da  indds 
tria  ou  repartipoes  pdblicas  sao  forjados.  Isto  permitiu  e  continua  a  permitir  a 
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equipe  do  I.  P  T.  uma  experiencia  direta  com  os  problemas  de  deformapao  meca- 
nica  de  ligas  ferrosas  e  nao  ferrosas,  estimulando  a  solupao  desses  problemas  se 
ja  per  estudos  especiais,  seja  pela  pesquisa  tecr.oldgica  sistemdtica.  Entre  os 
primeiros  podemos  citar  o  trabaiho  "Produpao  de  eletrodos  girantes  em  liga  Cu- 
Co-Si”  (produpao  por  fundipao  e  forjamento).  No  caso  da  pesquisa  sistemdtica 
podemos  citar  os  estudos  atualmente  em  curso  sobre  o  efeito  de  inclusoes  e  fa- 
ses  intermetdlicas  dispersas  sobre  a  platicidade  a  quente  dos  apos  de  baixo  car 
bono  (pesquisa  patrocinada  pela  Fundapao  de  Amparo  a  Pesquisa,  do  Es:ado  de 
Sao  Paulo)  Numerosoa  outros  trabalhos  relativos  ao  efeito  das  condipoes  de 
trabaiho  (tensoes,  temperaturas,  etc,)  e  da  naiureza  do  metal  ou  liga  (pureza, 
inclusoes,  etc. )  sobre  a  deformapao  pldstica  industrial  deverao  ser  desenvolvidos 
futuramente . 


SETOR  XII  -  PU L-VIMET ALURGIA 

Ob  jetivos:  Estudo  das  tdcnicas  para  obtenpao  de  materiais  ou  proprie- 
dades  especiais  pela  compressao  e  aglomerapao  de  p6s  metdlicos. 

Justificativa:  As  tdcnicas  da  "metalurgia  do  p6"  ou  pulvimetalurgia 
sao  hoje  empregadas  para  a  produpao  industrial  de  enorme  variedade  de  pepas 
com  propiedades  as  mais  diversas.  (Exemplos:  pastilhas  de  metal  duro,  buchas 
autolubrifieantes,  pepas  de  precisao,  materiais  magndticos,  contatos  eldtricos, 
etc). 


Trabaiho  realizado  e  a  realizar:  A  apao  do  I.  P.T.  neste  setor 
da  metalurgia,  como  em  muitos  outros,  consistiu  no  estudo  especffico  de  uma  mo 
derna  tdcnica,  seguindo-se  a  sua  transplants? ao  e  adaptapao  para  as  nossas  con¬ 
dipoes.  C  Eng  a  Vicente  Chiaverini  foi  pionero  nessa  atividade,  no  Brasil,  divul 
gando  a  tdcnica  e  realizando  estudos  especiais  em  escala  piloto,  na  DIMET  desde 
1945.  No  momento,  por  falta  de  suficientes  recursos  humanos  e  materiais,  a 
DIMET  nao  m  ant  dm  atividades  neste  setor.  No  entanto,  6  eertamente  neces»a.rio 
que,  no  futuro  prdximo  sejam  retomados  os  estudos  experimentais  dos  problemas 
relacionados  com  a  produpao  de  materiais  e  pepas  com  propriedades  especiais, 
objetivos  atravds  da  pulvimetalurgia.  Esta  tdcnica,  em  constante  progresso,  exi 
gird  a  atenpao  da  DIMET,  para  o  beneffcio  da  tecnologia  nacional. 


SETOR  XIII  -  SOLD  A 

Objetivos:  Estudo  de  detalhes  e  problemas  dos  proeessos  industrials 
de  solda  (solda  de  baixa  temperatura,  brazind,  solda  a  arco,  solda  oxiacetilenica, 
argonarc  e  heliarc,  aplicapao  de  revestimentos,  solda  a  ponto  ou  por  eletrodos  gi 
rantes,  etc). 

Justificativa:  Os  proeessos  de  solda  sao  empregados  industrialmente 
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para  aproducao  dcs  mais  diversos  tipos  de  pepas  e  estruturas.  A  variedade  das 
tdcnicas  empregadas  6  enorme,  tendo  predominantemente  um  cardter  de  "arte" 
mais  dc  que  de  "tecnologia".  Restarn  numerosos  problemas  a  serem  atacados  e 
resolvidos  mediante  estudos  e  pesquisas  sistemdticas.  O  I.P.T.  deveria  criar  um 
ndcleo  para  tais  estudos  e  pesquisas,  com  o  objetivo  de  assistir  a  inddstria  local 
em  problemas  especiais. 

Trabalho  realizado  e  a  realizar:  A  atividade  da  DIMET  neste 
importante  setor  da  tecnologia  metaiurgica  tern  se  iimitado  aos  ensaios  e  exames, 
especialmente  os  exames  metaiogrdficos.  Este  trabalho,  embora  importante,  nao 
6  suficiente  para  o  apoio  eficaz  a  inddstria  local  e  ao  desenvolvimento  da  tecnolo¬ 
gia  nacional.  E  necessdrio,  no  futuro,  manter  um  pequeno  grupo  ativo  no  estudo 
e  na  pesquisa  tecnoldgica  dos  problemas  de  junpao  de  metais  e  ligas  pela  deposi- 
pao  de  metais  ifquidos  ou  pela  uniao  direta  (caideamento,  solda  a  ponto,  solda  ui 
tra-sonica,  etc). 


SETOR  XIV  -  TRATAMENTOS  TERMICOS 

Objetivos;  Estudo  de  idcnicas  e  problemas  especiais  relacionados  com 
a  pratica  dos  tratamentos  tdrmicos  industrials. 

Justificativa:  Toda  a  inddstria  automobiirstica  de  mdquinas  e  equipa- 
mcntos  depende  do  uso  de  pepas  tratadas  termicamente .  Hd  uma  variedade  enor¬ 
me  de  tratamentos  tdrmicos,  muitos  dos  quais  nao  sao  siquer  conhecidos  na  ncssa 
inddstria.  E  necessdrio  divulgar  "know  how"  especializado  e,  mesmo,  realizar 
certos  tratamentos  tdrmicos  muito  especiais  para  atender  a  necessidades  premen 
tes  da  inddstria.  A  divisao  de  Metaiurgia  do  I.  P.T.  nao  pode  estar  ausente  neste 
setor. 


Trabalho  realizado  e  a  realizar:  A  contribuipao  do  I.  P. T.  nes 
te  setor  1'oi  enorme  e  decisiva.  Desde  a  decada  dos  30  o  trabalho  bem  conhecido 
do  grande  Engenheiro  Hubertus  Colpaert  difundiu  os  conhecimentos  essenciais  pa¬ 
ra  a  compreensao  e  apiicapao  da  tdcnica  de  tratamentos  tdrmicos  dos  apos  e  ferros 
fundidos  Foi  um  trabalho  brilhante  e  eficaz,  efetivado  atravds  de  ensaios,  exa¬ 
mes  metaiogrdficos,  assistencia  tdcnica  direta,  informapoes,  estudos  especiais, 
divulgapao,  etc.  Por  voita  de  1950  chegou  a  ser  constitufda  uma  Secpao  especiaU 
zada  dotada  dos  mais  modernos  equipamentos  para  tratamento  tdrmico  industrial 
em  pequena  escala.  O  objetivo  foi  sempre  o  de  demonstrar  diretamente  a  indds- 
tria  tdcnica  e  equipamentos,  adaptando-os  as  condipoes  brasileiras  quando  neces- 
sdrio.  Com  o  desenvolvimento  extraordindrio  da  inddstria  local,  pordm,  as  ativi 
dades  dessa  Secpao  tornaram-se  de  secunddria  importancia.  No  future  serd  pre- 
ciso,  pordm,  reiniciar  o  estudo  sistemdtico  e  a  pesquisa  tecnoldgica  dos  proble¬ 
mas  relacionados  com  a  tdcnica  de  tratamentos  tdrmicos  dos  metais  ferrosos  e 
nao-ferrosos,  sempre  tendo  em  mira  abrir  caminho  para  a  inddstria  local,  seja 
resolvendo-ihe  problemas.  seja  apontando- ihe  novas  tdcnicas  e  possibilidades. 
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SETOR  XV  -  TRATAMENTOS  SUPER FICIAIS 

Ob  jetivos  ;  Estudo  de  tdcnicas  e  problemas  especiais  de  interesse  pa¬ 
ra  a  pr&tica  industrial  dos  tratamentos  superficiais  (cementapao,  nitretapao,  cro 
mapao,  galvanizapao,  estanhapao,  etc.) 

Justificativa:  Os  tratamentos  superficiais  sao  de  uso  generalizado  na 
inddslria  metaldrgica  e  mecanica.  Existe  uma  variedade  enorme  de  tratamentos, 
com  problemas  que  exigem  conhecimentos  especializados  para  a  sua  solupao.  Ca- 
be  ao  I.  P.  T.  divulgar  tScnicas  e  resolver  problemas  para  a  nossa  indflstria,  man- 
tendo  equipe  especializada  que  possa  inclusive  colaborar  na  elaborapao  de  especifi 
capoes. 


Trabalhos  realizados  e  a  realizar:  Limitada  foi  a  atividade  da 
DIMET  neste  setor,  no  passado,  embora  tenha  havido  estudo  e  assistencia  tdcnica 
a  inddstria  no  que  respeita  aos  tratamentos  de  cementapao,  nitretapao,  tempera 
superficial,  etc.  Como  sempre,  aprecidvel  foi  o  trabalho  de  exame  metalogrdfico 
e  assistencia  tdcnica  prestado  pela  Secpao  de  Metalografia.  De  outro  lado,  nas 
instalapoes  experimentais  foram  realizados  muitos  tratamentos  de  cementapao  e 
nitretapao  para  a  inddstria,  acompanhados  de  estudos  sistem&ticos,  em  alguns  ca 
sos.  Ainda  hoje  hd  industrias  que  estao  recorrendo  as  instalacoes  do  I.P.T.  para 
tratamentos  delicados  de  nitretapao  gasosa.  No  futuro  6  preciso  manter  uma  equi 
pe,  por  pequena  que  seja,  ativa  no  estudo  da  tecnologia  dos  tratamentos  superfi¬ 
ciais  industrials,  muito  especialmente  dos  tratamentos  de  protepao  (galvanizapao, 
estanhamento,  anodizapao,  fosfatizaeao,  etc),  que  pouco  foram  estudados  no  pas¬ 
sado,  pela  DIMET.  Tais  problemas  tornam-se  cada  vez  mais  sdrios  para  uma  in 
ddstria  que  evolue  rapidamente  e  exige  cada  rez  mais  tratamentos  desses  tipos  e 
de  outros  de  mais  recente  desenvolvimento  (metalizapao  a  vdcuo,  por  projepao, 
etc). 


SETOR  XVI  -  METALOGRAFIA  FERROSA 

Ob  jetivos  :  Estudo  da  natureza,  estrutura,  comportamento,  proprieda- 
de  e  aplicapoes  das  ligas  ferrosas  (apos)  de  interesse  industrial. 

•Justificativa:  E  conhecida  e  enorme  colaborapao  que  a  Secpao  de  Me¬ 
talografia  dc  I.  P.T.  prestou  a  inddstria  brasileira  no  passado.  J&  hoje  oo  probie 
mas  apresentados  a  Secpao  sao  de  natureza  muito  mais  complexas  exigindo  cada 
vez  mais  urn  elevado  grau  de  especializapao  da  equips  da  Secpao.  Justifica-se, 
pois,  o  desdobramento  da  mesma  em  2  secpoes,  sendo  uma  a  de  Metalografia  fe- 
rrosa. 


Trabalho  realizaao  e  a  realizar:  O  es+  ajo  sistem&tico  da  natu 
reza,  estrutura  e  propriedades  das  ligas  ferrosas  foi  de.envolvido  na  DIMET  do 
I.  P.  T.  a  um  alto  grau,  especialmente  pela  atividade  do  Engenneiro  Hubertus  Col- 
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paert,  jft  mencionado.  O  acervo  da  Secpao  de  Metalografia  da  DIMET  6  extraor- 
dindrio  e  nao  existem  no  mundo  inteiro  mais  do  que  aiguns  poucos  nucisos  quo  ss 
Ihe  equiparem.  H&  30  anos,  essa  Secpao  presta  ao  pdblico  e  a  inddstria  informa 
poes  preciosas  sobre  os  ferros  fundidos.  Desenas  de  milhares  de  Certificados, 
Relatdrios  e  informappes  foram  preparados  para  atender  as  solicitapoes  da  indds 
tria.  Nos  uitimos  anos,  colaborapao  da  Secpao  com  a  inddstria  mecanica  e  espe 
cialmente  a  industria  automobilfstica,  atravds  das  mdltiplas  fdrmas  de  assisten- 
cia  possfveis,  foi  enorme.  E  essencial  que  essa' destacada  posipao  da  Secpao,  co 
mo  ndcleo  de  estudo  e  acuipulapao  de  conhecimentos  sobre  a  tecnologia  das  ligas 
ferrosas,  seja  preservada.-  Abundante  uso  dos  mais  modernos  conhecimentos  de 
metalurgia  ffsica  6  imprescindfvel,  senao  necessdrio  o  aperfeipoamento  de  tdcni 
cos  nos  melhores  laborat6rios  do  exterior.  E  de  notar  que  os  problemas  que  esta 
solicitddfssima  Secpao  6  chamada  a  estudar,  se  complicam  e  se  diversificam  cada 
vez  mais.  Peio  menos  aigumas  dezenas  de  Relatdrios  expedidos  anualmente  tern  o 
carater  de  verdadeiras  pesquisas  tecnoldgicas. 


SETOR  XVII  -  METALOGRAFIA  DOS  NAO-FERROSOS 

Ob  je  tivos  ;  Estudo  da  natureza,  estrutura,  comportamento,  proprieda 
des,  e  aplicapoes  das  ligas  nao-ferrosas  de  interesse  industrial. 

Justificati  va:  Vale  para  esta  Secpao  a  mesma  argumentapao  ap resen 
tada  no  caso  da  Secpao  de  Metalografia  Ferrosa.  Corresponderia  esta  Secpao  a 
Metalografia  dos  Ferrosos  a  um  desdobramento  da  Secpao  de  Metalografia  exis- 
tente. 


Trabalho  realizado  e  a  realizar:  Nao  h&  Secpao  especializada 
na  Metalografia  dos  Nao- Ferrosos .  As  atividades  neste  setor,  embora  aprecid- 
veis,  nunca  chegaram  a  assumir  a  importancia  das  relativas  as  ligas  ferrosas. 

Isto  6  explic&vel,  eis  que  o  uso  de  ligas  nao-ferrosas  se  intensifies  e  se  diversifi 
ca  quando  a  industrializapao  atinge  nfvel  elevado,  come  somente  recentemente  su 
cedeu  no  Brasil.  As  solicitapoes  feitas  ao  I.  P.T.  para  a  solupao  de  problemas 
relacionados  com  as  ligas  de  Al,  Cu,  Ni,  Co,  etc. ,  fatalmente  aumentarao  muito 
nos  prdximos  anos,  sendo  necess&rio  criar  equipe  especializada  de  alto  nfvel. 

Esta  devercl  apllcar  os  mais  modernos  conhecimentos  de  metalografia  e  metalurgia 
ffsica  ao  estudo  da  natureza,  estrutura,  propriedades  e  comportamento  em  servipo 
daquelas  ligas. 


SETOR  XVin  -  PROPRIEDADES  E  ENSAIOS  DE  METAIS 

Ob  jetivo  :  Estudar,  de  um  ponto  de  vista  metalurgico,  o  comportamento 
dos  metais  e  ligas  a  trav6s  de  ensaios  mecanicos,  qufmicos  e  erpeciais. 

Justificativa:  A  indicapao  de  ligas  para  aplicapoes  industriais  a  inter 
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pretapao  dos  ensaios  imprescindfveis  para  a  caracterizapao  das  mesmas  deve  ser 
feita  de  um  ponto  de  vista  metaldrgico  (pom  base  em  detalhes  da  estrutura  crista- 
lina  e  do  comportamento  de  metais  e  ligas). 

Trabalho  realizado  e  a  realizar:  Apezar  do  seu  cardter  de  re¬ 
tina,  os  ensaios  mecdnicos  exeeutados  pelo  I.  P.T.  (centenas  de  milhares)  nem 
por  isso  deixaram  de  ser  esseneiais  ao  desenvolvimento  da  inddstria  looal.  A 
Seepao  espeeializada  que  existe  desde  a  eriapao  do  I. P.T.  oomo  orgao  indepen- 
dente,  nao  se  limita,  pord,  a  simples  exeoupao  de  ensaios.  Sempre  prestou  infor 
mapoes  tdcnicas  e  assistenoia  a  todos  os  que  a  proeuram,  tendo  sido  muito  nume 
rosos  os  estudos  sistemdticos  af  realizados  visando  aquilatar  earacterfstieas  de 
materiais  metdlicos  ou  sua  adequapao  para  aplicacao  industrial.  Sendo  os  me¬ 
tais  e  ligas  usados  prineipalmente  pelas  suas  earacterfstieas  mecanicas,  excusa 
do  parece  apontar  a  importancia  desse  trabalho.  A  Seepao  devera  continuar  essa 
atividade  no  futuro  e  intensificd-la,  visando  atender  a  divers ificapao  e  especializa 
pao  crescente  do  uso  dos  metais  com  finalidades  estruturais  ou  mecanicas.  Seri 
essencial  equipar  a  Seepao  para  arealizapao  de  ensaios  especiais,  sem  esquecer 
a  formapao  de  equipe  de  alto  nfvel,  possuidora  do  que  de  mais  moderno  existe  nos 
conhecimentos  neeessdrios  a  compreensao  e  interpretapao  do  comportamento  elds 
tico  e  pldstico  dos  metais. 


SETOR  XIX  -  ENSAIOS  ESPECIAIS  E  CONTROLE  DE  QUALIDADE 

Ob  jetivos  ;  Realizar.  estudar  e  interpretar  ensaios  especiais  (relativos 
a  propriedades  eldtricas,  eletronicas,  magndticas,  etc),  e  mdtodos  de  controle  da 
qualidade  de  produtos  metdlicos  (exames  nao  destrutivos,  especialmente). 

Justificativa:  Com  a  evolupao  da  inddstria  o  estudo  e  interpretapao 
dos  ensaios  e  mdtodos  especiais  de  controle  da  qualidade  dos  produtos  metaldrgi- 
cos  (pepas  e  materiais  metdlicos)  assumem  eada  vez  maior  importancia.  Cabe  a 
institutes  de  tecnologia  o  trabalho  de  estudar,  analisar  e  aperfeipoar  esses  mdto- 
dos,  dando  assistencia  tdcnica  a  inddstria. 

Trabalho  realizado  e  a  realizar:  Foi  limitada,  embora  aprecid 
vel,  a  atividade  da  DIMET  neste  campo.  E  precise  devotar  crescente  atenpao  a 
realizapao  de  ensaios  especiais  visando  determinar  earacterfstieas  de  interesse 
para  aplicapoes  eldtricas,  eletronicas,  magndticas,  qufmicas,  etc.  O  estudo  das 
tdcnicas  e  problemas  pertinentes  ao  controle  de  qualidade  na  inddstria  metaldrgi- 
ca  tambdm  precisard  ser  desenvolvido,  atendendo  a  crescente  soiicitapao  desta. 


SETOR  XX  -  ESPECIFICAQOES  E  NORMAS  METALURGICAS 

Objetivos:  Estudar  espec  if  icapoes  para  produtos  metaldrgicos,  tendo 
em  conta  as  exigencias  dos  consumidores  e  as  limitapoes  dos  processos  de  produ 
pao. 
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Justificativa:  O  I.  P.T. ,  como  orgao  independente  de  interesses  de 
grupos  e  eontinuamente  chamado  a  cciabcrar  na  fixapao  e  no  julgamento  de  especi 
ficapoes  sob  o  aspecto  t^cnico.  Dada  a  importancia  evidente  das  especificapoes 
para  a  indtistria  moderna,  essa  colaborapao  precisa  ser  prestada  pelos  institutes 
de  tecnologia  como  o  I.  P.T. 


Trabalho  realizado  e  a  realizar:  Sempre  foi  importante  a  ati- 
vidade  do  I. P.T.  no  setor  de  normas  e  especificapoes,  sendo  prestada  colabora¬ 
pao  a  quase  todas  as  iniciativas  da  ABNT  (Associapao  Brasileira  de  Normas  T6c 
nicas).  Nao  cabe  a  um  Institute  de  Tecnologia  preparar  normas;  no  entanto,  cer 
tamente  lhe  cabe  a  tarefa  de  estudo  dos  aspectos  tdcnicos  (metaltirgicos ,  no  caso) 
das  normas  em  preparo  ou  estudo,  aquilatando  a  sua  pertinencia  ou  exeauibilidade 
atravds  da  apreciapao  tdcnica  ou,  mesmo,  experimentapao  sistem&tica.  H5.  no 
I.  P.T.  Secpao  especializada,  embora  nao  dnicamente  para  normas  metaldrgicas. 
Serd  preciso  intensificar  o  estudo  destas  dltimas. 


SETOR  XXI  -  APLICACOES  DE  METAIS  E  LIGAS,  COMPORTAMENTO  EM 
SERVICO 


Ob  jetivos  ;  Estudar  os  problemas  de  aplicapao  de  pepas  e  materiais  me 
tdiicos  nas  inddstrias:  eletrica,  mecaniea,  qufmica  e  de  construpao  civil.  Reco- 
mendar  materiais  para  fins  especfficos.  Verificar  e  interpretar  o  seu  comporta- 
mento  em  servipo. 


Justificativa:  A  existencia  de  um  especialista  ou  de  uma  equipe  tdcni 
ca  experiente  na  recomendapao  de  materiais  metdlicos  e  no  estudo  dos  problemas 
de  aplicapao  dos  mesraos  pode  ser  de  extraordindrio  auxflio  ao  desenvolvimento 
industrial  num  Pafs  novo. 


Trabalho  realizado  e  a  realizar:  Enorme  foi  a  colaborapao  que 
o  I.  P.T.  prestou  a  industria  no  estudo  de  metais,  ligas  ou  peqas  em  condipoes  de 
servipo.  Este  trabalho  foi  o  resultado  da  atividade  de  diversas  Secpoes  (como  as 
de  Ensaios  Mecanicos,  de  Metalografia,  de  Ferros  Fundidos,  de  Ligas  Nao-Ferro 
sas,  etc).  A  assistencia  tdcnica  assim  prestada  foi  de  valor  inestimdvel  para  o 
desenvolvimento  industrial  do  Pafs  nos  dltimos  30  anos.  O  diagn6stico  de  anoma- 
lias  estruturais  ou  superficiais,  a  busca  de  relapoes  de  causa  e  efeito  entre  caracte 
rfsticas  e  comportamento,  etc.  Nos  pafses  industrialmente  avanpados  as  inddstrias 
dependem  da  existencia  de  especialistas  na  escolha  e  desenvolvimento  de  materiais 
(especialmente  materiais  met&licos)  para  aplicapoes  especfficas.  Nao  se  trata  aquf 
do  simples  conhecimento  das  caracte  rfsticas  gerais  de  um  material,  mas  do  conhe- 
cimento  e  experiencia  referentes  a  aplicapoes  e  comportamento  em  servipo,  em  con 
dipoes  especiais  e  peculiares.  A  alterapao  ou  substituipao  de  especificapoes  6  fre- 
quentemente  necessdria.  Essas  atividades,  de  extraordin&ria  importancia  para  a  in 
dust.ria,  dependem  de  um  cont&cto  fntimo  com  esta  para  se  exercerem  eficazmente. 
Serd  preciso  contar,  no  futuro,  com  especialistas  dedicados  integralmente  a  este 
mister. 
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SETOR  XXII  -  TECNOLOGIA  DA  CORROSAO 

Objetivos  ;  Estudar  os  problemas  de  corrosao  encontrados  nas  mdlti- 
plas  aplicapoes  industrials  e  domdsticas  dos  metais  e  ligas,  dando-lhes  solupoes 
ou  prevenindo-os . 

Justificativa:  Reconhecidamente  a  corrosao  6  fenomeno  respons&vel 
por  enormes  perdas  e  gastos  (com  a  prevengao  do  fendmeno,  as  reparagoes  de  da 
nos  que  causa  ou  a  total  perda  de  pepas,  equipamentos  ou  instalapoes).  Cabe  a 
um  Institute  de  Tecnologia  dispensa  a  assistencia  tdcnica  necess&ria  a  diminui- 
gao  ou  eliminagao  de  tais  prejufzos. 

T  r  abalho  realizado  e  a  realizar;  Foi  limitada,  embora  aprecid 
vel,  a  assistencia  prestada  pelo  I.  P.T.  neste  setor.  Constitui  essencialmente  no 
estudo  de  problemas  especfficos  trazidos  pela  inddstria  (ou  entidades  governamen 
tais) 5  geralmente  do  fracassos  e  falhas  em  servipo.  A  Secpao  de  Metaiografia 
prestou  importante  assistencia  neste  setor.  Hoje  a  Secgao  de  Ffsico-qufmica  Me 
taltirgica  estd  praticamente  dedicada  (no  momento)  ao  estudo  desses  problemas, 
que  se  multiplicam.  No  futuro  serd  preciso  ir  mais  aldm,  criando  Secpao  espe- 
cializada  e  incentivando  as  pesquisas  e  estudos  sistemdticos  visando  o  melhor  en 
tendimento  e  divulgapao  do  compcrtamento  dos  metais  na  corrosao,  principalmen 
mente  em  condipoes  de  uso  industrial  (corrosao  sob  tensao),  idtaque  por  substan 
cias  especfficas,  corrosao  em  campos  eldtricos,  corrosao  atmosfdrica,  etc. ) 


SETOR  XXIII  -  FISICA  DOS  METAIS 

Objetivos  :  Estudo  fundamental  da  natureza  e  das  propriedades  mecam 
cas,  eldtricas  e  magndticas  dos  metais  e  ligas. 

Justificativa:  O  desenvoivimento  da  ciencia  dos  metais  e  ligas  tern 
sido  extraordindrio  nos  dltimos  anos  e  sua  importancia  ultrapassa  os  limites  dos 
laboratdrios  para  encontrar  importantfssimas  e  numerosas  aplicapoes  na  solupao 
de  problemas  da  inddstria  metalGrgica  e  na  abertura  de  novas  possibilidades  para 
essa  indtistria. 

Trabalho  realizado  e  a  realizar:  Limitada  foi  a  atividade  nes 
te  setor  bdsico  da  metalurgia.  Nao  havendo  uma  aplicapao  direta  e  imediata  dos 
resultados  de  estudos  deste  tipo,  e  dada  a  limitapao  dos  recursos  humanos  e  ma¬ 
terials  da  DIMET,  nao  foi  possfvel  nem  muito  interessante,  atd  o  momento,  uma 
atividade  importante  neste  setor.  Esta  atividade  limitou-se  ao  estudo  tedrico  e 
divulgapao  (alids  abundante)  de  princfpios  gerais  e  da  teoria  ffsica  dos  metais  e 
suas  propriedades.  No  futuro  ser&  necessdrio  ativar  esta  "antena”,  cuja  princi¬ 
pal  utilidade  estar&  nas  ferramentas  cientfficas  que  proporcionarS.  as  Secpoes  da 
DIMET,  mas  que  tambdm  poderS.  contribuir  diretamente  para  a  solupao  de  proble 
mas  especiais  trazidos  pela  indfistria.  Pesquisas  de  cardter  fundamental  (nao 
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sdlidos  e  lfquidos  aplicada  aos  materiais  metdlicos). 


SETOR  XXIV  -  FISICO-QUIMICA  METALURGICA 

Ob  jetivo s  :  Estudo  fundamental  da  termodinamica  e  da  cindtica  das  rea 
poes  metaldrgicas  de  particular  interesse  para  a  inddstria  metaldrgica.  Estudo 
de  problemas  ou  processos  fundamentals,  de  um  ponto  de  vista  cientffico. 

Justificativa:  A  verdadeira  "revolueao"  que  se  vem  processando  na 
metalurgia  desde  a  dltima  guerra  somente  foi  possfvel  atravds  da  utilizapao  inten 
siva  dos  conhecimentos  cientfficos  para  a  solupao  de  problemas  de  pesquisa  funda 
mental  e  de  pesquisa  aplicada.  A  formapao  de  uma  equipe  especializada  no  estu¬ 
do  e  na  pesquisa  relacionada  com  as  reapoes  metaldrgicas  6  essencial  para  asse 
gurar,  as  bases  necessdrias  para  o  trabalho  de  um  institute  de  tecnologia,  no  cam 
po  da  metalurgia. 

T  r  ab  alho  realizado  e  a  realizar:  A  contribuipao  da  DIMET  nes 
te  setor  bdsico  da  ciencia  dos  metais  tern  sido  limitada,  ate  o  momento,  ao  estudo 
tedrico  e  divulgapao  (alias  intensiva)  dos  princfpios  e  fatos  principals  da  termodi¬ 
namica  e  da  cindtica  das  reapoes  metaldrgicas.  Essa  contribuipao,  feita  muito  es 
pecialmente  nos  dllimos  10  anos,  embora  de  carater  academico  nao  deve  ser  subes 
timada,  eis  que  forneceu  ferramentas  mentais  para  andlises  de  numerosos  proble¬ 
mas  prdticos  estudados  no  I.  P.T.  ou  na  inddstria  local  diretamente.  No  futuro  se 
rd  preciso  contar  com  equipe  inteiramente  devotada  ao  estudo  da  termodindmica  e 
cindtica  metalurgicas,  principalmente  para  o  fornecimento  de  ferramentas  cientffi 
cas  para  a  solupao  de  problemas  da  tecnologia  metaldrgica  no  Brasil. 


SETOR  XXV  -  DOCUMENTAGAO  TECNICA  SOBRE  METALURGIA 

Objetivos  :  Existe  na  literatura  tdcnica  estrangeira  e  nacional  un  ver- 
dadeiro  manancial  de  informapoes  sobre  materiais  e  processos  metaldrgicos,  o 
mais  das  vezes  inacessfvel  ou  de  diffcil  sele6a<>v  .  E  necessdria  a  existencia  de 
uma  equipe  especializada  na  reuniao,  avalizapao,  tradupao,  resumo,  copia,  dis 
tribuipao  e  divulgapao  de  dados  sobre  materiais  e  processos  metaldrgicos  de  es 
pecial  interesse  para  a  inddstria  nacional. 

Justificativa:  Outros  pafses  dispoem  de  centros  de  selepao  e  distri 
buipao  de  informapoes  tdenicas  de  literatura  estrangeira.  No  Estado  de  Sao  Pau 
lo  a  existencia  de  um  centro  dessa  natureza,  especializado  em  problemas  da  in¬ 
ddstria  metaldrgica  terd  sempre  mais  alta  utiiidade  para  o  aumento  do  "know  how" 
especializado  no  Estado  e  no  Pals. 

Trabalho  realizado  e  a  realizar:  Na  Secpao  de  Metalografia 


T 
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tdcnica  estrangeira  Mais  recentemente,  a  preocupapao  com  a  documentapao  tdc 
nica  foi  retomada  e  no  momento  jd  se  procura  rever  sitemdticamente  a  literatura 
de  alguns  setores,  selecionando,  fotocopiando  e  divulgando  os  trabalhos  de  maior 
interesse  para  a  inddstria  metaldrgica  local.  Esta  atividade  deverd  ser  ampliada, 
por  imprescindfvel.  Desnecessdrio  citar  a  atividade  de  documentapao  tdcnica 
desenvolvida.  em  alguns  pafses  avanpados;  ela  nos  indica,  sem  ddvida,  que  um  mf 
nimo  de  documentapao  sistemdtica  no  campo  da  metalurgia  precisa  ser  reunido 
por  uma  entidade  como  o  I.  P.T.  Uma  Secpao  especializada  deverd  existir  •  no  fu 
turo  para  servir  de  intermedidria  ^riteriosa  entre  o  caudal  vultoso  da  literatura 
tdcnica  estrangeira  e  a  inddstria  metaldrgica  brasileira. 


SETOR  XXVI  -  EQUIPAMENTOS  INDUSTRIAIS  E  INSTRUMENT  AO  AO 

Ob  jetivos  ;  Estudar,  projetar  e  prestar  informapoes  sobre  equipamen 
tos  industriais  de  especial  interesse  para  a  inddstria  metaldrgica.  Organizar  com 
pleto  arquivo  e  acervo  de  informapoes  tdcnicas  sobre  equipamentos  nacionais  e  es 
trangeiros,  disponfveis  para  consulta  para  inddstria  local. 

Justificativa:  O  problema da  escolha  do  equipamento  6  um  dos  mdis 
importantes  na  instalapao  de  novas  inddstrias  ou  na  ampliapao  das  existentes. 

Por  falta  de  informapoes  independentes  de  interesse  comercial  ess  a  escolha  6  fre 
quentemente  infeliz,  com  resultantes  aumentos  dos  investimentos  e  dos  custos  de 
operapao.  Uma  equipe  especializada  nesses  problemas,  no  I. P.T.  pode  contribuir 
para  o  desenvolvimento  seguro  da  inddstria  metaldrgica  nacional. 

Trabalho  realizado  e  a  realizar:  Atravds  da  mdltipla  assisten 
cia  tdcnica  que  presta  a  industria  o  I.  P.  I.  tem  tambdm  fornecido  a  esta,  indica- 
poes  importantes  referentes  a  equipamentos  especializados,  No  entanto,  para  que 
uma  assistencia  eficaz  possa  ser  prestada  no  futuro  6  preciso  que  haja  uma  equipe 
embora  pequena  estudando  caracterfsticas  e  aplicapoes  de  equipamentos  especial- 
mente  destinados  a  inddstria  metaldrgica.  Essa  equipe  poderd  entao  prestar  a  in 
dustria  brasileira,  informapoes  tdcnicas  livres  de  interference  de  interesses  co 
merciais.  Poderd  tambdm  auxiliar  a  inddstria  na  escolha  e  no  projeto  de  novos 
equipamentos,  contribuindo  assim  para  o  mais  r&pido  progresso  industrial. 


SETOR  XXVII  -  ESTUDOS  ECONOMICOS  DE  PROCESSOS  E  MATERIAIS 

Ob  jetivos  :  Proceder  a  estudos  dos  aspectos  economicos  de  materiais 
ou  processos  metaldrgicos  no  nosso  meio,  fornecendo  a  inddstria  local  orientapao 
em  problemas  em  que  os  aspectos  economicos  nao  podem  ser  separados  dos  tdcni 
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Justificativa;  No  estudo  de  problemas  especfficos,  na  prestapao  de 
assistencia  t6cnica  ao  meio  e  at6  na  escolha  de  rumos  para  a  pesquisa  interv6m 
com  frequencia  que  sloes  de  caroler  economico  que  precis  am  ser  estudados  por 
especialistas.  A  eficiencia  da  ajuda  tficnica  a  inddstria  metalCirgica  local  ficard 
muito  ampliada  se  for  completada  com  esse  lipo  de  estudo. 

Trabalho  realizado  e  a  realizar:  Nao  cabem  propriamente  no 
I.  P.T.  os  estudos  de  natureza  economica  no  entanto,  tantas  sao  as  oportunida- 
des  em  que  una  andlise  economica  tern  implicaqoes  tdcnicas  que  serd  necess&rio 
pensar  em  desenvolver  tais  estudos,  no  I.  P.T.,  naqueles  problemas  e  setores  em 
que  existe  uma  estreita  e  total  interdependence  entre  os  aspectos  tdcnicos  e  eco- 
nomicos. 


OS  MEIOS:  FATORES  OU  RECURSOS  NECESSARIOS  AO 
DESEMPENHO  DA  MISSAO  DOS  INSTITUTOS  DE  TECNOLOGIA 


Se  a  preocupapao  com  a  an&lise  dos  objetivos  e  das  atividades  dos  Institu¬ 
tes  de  Tecnologia  nos  Pafses  em  desenvolvimento  j£  nao  6  frequente,  a  andlise 

fria  e  16gi  ca  dos  meios  realmente  necessdrios  para  a  sua  operapao  mais  rara 

.  * 

ainda  6.  No  entanto,  obviamente  os  objetivos  nao  poderao  ser  atingidos  senao 
existirem  os  meios  (fatores  ou  recursos)  necess&rios  para  alterapao  segundo 
os  mdtodos  apropriados.  Assim  sendo,  julgou-se  de  interesse  analizar  aquf 
tambdm  os  meios  necessdrios  aos  Institutes  de  Tecnologia  em  geral,  e  a  DIMET 
do  I.  P.  T.  em  particular. 

Estes  meios  (fatores  ou  recursos)  podem  sergrupados  em  5  classes:. 
Recursos  materials  propriamente  dito’s  (equipamentos,.  ^parelhos,  materiais  es- 
peciais,  etc.);  Recursosjiumanos  (pesso.al);  Recursos  t6cno-cientfficos  (conhe- 
cimento,  experiencia  e  bagagem  tdcno-cientffica  da  instituipao  e  de  seus  funciond 
rios):  Recursos  Financeiros ;  Recursos  Administrativos  (capacidade  de  planeja- 
mento,  organizapao  e  administrapao  das  operapoes  da  Instituipao). 

• 

A  ordem  de  cit^pap  acima  ado0tada  nao  6  necessdrian>ente  a. da  importancia 
relativa  dos  diversos  fatores  considerados.  A  seguir  sao  examinados  os  diferen- 
tes  fatores  citados. 


5.1.  Recursos  Material^ 

•  Nos  Pafses  em  desenvolvimento  6  problems  grave  para  as  instituipoes  de 
pesquisa.  em  geral,  e  para  os  Institutes  de  Tecnologia,  em  particular,  a  escolha  e 
a  obtenpao  dos  equipamentos  aparelhos,  instrumentos  e  materiais  e.speciais  ne- 
cessdrios  a  sua  operapao.  A  falta  de  andlise  cuidadosa  dos  problemas  a  serem 
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enfrentados,  do  trabalho  a  ser  realizado  e  das  condipoes  locals  vigentes  *em  leva^ 
do  a  distorpoes  e  erros  gdrios. 

E  bem  conhecida  a  propensao,  inocente,  mas  nem  porisso  menos  infeliz, 
dos  pesquisadores  e  professores  dos  Pafses  novos  a  escolherem  para  seus  labora- 
tdrios  certas  unidades  de  equipamento,  caracterizadas  pclo  prepo  eievado,  pela 
delicadeza  de  sua  operapao,  e  pelas  limitapoes  da  sua  utilidade.  Desejosos  de 
promoverem  o  progresso  tdcnico  ou  cientffico  de  seus  Pafses,  m&s  sem  preparo 
e  experiencia  suficientes,  essas  pessoas  sao  levadas,  pelo  seu  pr6prio  entusias 
mo  e  pelos  argumentos  de  vendedores  interessados  em  comissoes  polpudas,  a  es 
colherem  equipamentos  que  depois  permanecem  sem  uso  e  com  pouca  esperanpa 
de  aproveitamento  futuro.  O  ndmero  de  dilatometros,  aparelbos  para  dlfrapao  de 
raios  X,  microscdpios  dticos  e  eletronicos  e  at6  reatores  nucleares  que  hoje  exis 
tern  espalhados  pelo  mundo  e  sem  uso  que  justifiquem  o  sacriffcio  feito  para  ad- 
quirf-los  6,  infelizmente,  muito  grande.  E  preciso  por  urn  fim  a  erros  desse  ti- 
po. 


A  escolha  dos  equipamentos,  apareihos  e  instrumentos  para  os  institutes 
de  tecnologia  nos  Pafses  em  desenvoivimento  deve  ser  feita  lembrando;  os  objeti 
vos  reais  da  instituicao;  as  possibilidades  de  utilizapao  eficiente  do  equipamento-: 
o  sacriffcio  que  a  sua  aquisipao  representa  para  a  coletividade  em  um  Pars  de  es 
cassos  recursos. 

O  tipo  de  equipamento  escolhido  deve  ser  adequado  as  condipoes  locais. 

As  dificuldades  na  obtenpao  d«.  sobressalentes  e  accessorios  e  na  manuteppaaeld 
trica,  mecanica  ou  Otica  devem  ser  consideradas.  Devem  ser  preferidos  equipa 
mentos  simples  e  para  uso  de  materiais  em  pequena  escala.  As  tentapoes  sao  ho 
je  maiores  do  que  nunca,  quando  existem  equipamentos  desenvolvidos  para  as 
condipoes  ultra-especializadas  de  trabalho  e  pesquisa  que  prevalescemem  Pafses 
avanpados  industrial  e  cientfficamente. 

Ainda  quanto  ao  tipp  de  recursos  materiais  necess£rios  a  operapao  6fjcier.te 
de  um.Instituto  Tecnoldgico  num  Pafs  em  desenvoivimento  6  preciso  que  se  diga 
que,  o  mais  das  vezes,  o  que  realmente  falta  nessas  instituipoes  sao  os  accessd- 
rios,  os  componentes  simples,  sem  os  quais  nenhum  trabalho  pode  ser  realmente 
realizado:  os  pares  termo-el6tricos  e  seus  refrat&rios  delicados,  as  lixas  metalo 
graficas  dos  diversos  tipos  necess&rios,  as  aluminas  e  outros  materiais  de  poli- 
mento,  os  pirometros  de  tipos  simples,  os  medidores  simples  (de  pressao,  e  tern 
peratura,  de  vazao,  de  velocidade,  de  umidade,  etc),  materiais  de  laborat6rio, 
etc. 


Foi  somente  depois  de  10  anos  de  operapao  como  instituipao  independente  e, 
especialmente,  face  a  uma  conjuntura  muito  bem  definida  (situapao  de  guerra)  ne- 
cessidade  imperiosa  de  industrializapao  do  Pafs,  existencia  de  condipoes  mfnimas 
que  asseguravam  o  exito  da  iniciativa)  que  o  I.  P.  T. ,  decidiu,  por  volta  de  1940, 
adquirir  e  instalar  na  sua  DIMET  equipamentos  caros  (no  caso,  de  tipo  semi-indus 
trial). 
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No  caso  do  I.  P.T.  a  situapao  hoje,  no  que  respeita  aos  recursos  materials 
para  desenvolvimento  da  tecnoiogia  metaldrgica  6  a  seguinte:  existem  equipamen- 
tos  abundantes  e  caros  de  tipos  adequados  as  atividades  desenvolvidas  nos  dois  prj 
meiros  perfodos  de  sua  evolupao  {ensaios,  anfilises  e  exames  no  primeiro  perfodo, 
atd  1940;  divulgapao  e  adaptapao  de  t6cnicas  industrials  no  segundo  perfodo,  de 
1940  a  1950).  Dispoe  o  I.  P.T.  de:  6timos  equipamentos  para  os  ensaios  mec&ni- 
cos  cllssicos;  aparelhamento  aceit&vel  para  metalografia  6tica  corrente;  equipa¬ 
mentos  cl&ssicos,  de  tipo  semi- industrial,  para  o  preparo  e  controle  de  areias  de 
fundipao,  fundipao  de  ferros  fundidos,  fundipao  de  apos  e  ligas  nao  ferrosas,  forja 
mento  e  laminapao,  tratamentos  tdrmicos  e  preparo  de  materials  por  metalurgia 
do  p6  (pulvimetalurgia).  (Muitos  desses  equipamentos  estao  sendo  aproveitados 
para  realizapao  de  pesquisas). 

E  necess£rio  agcra  renovar  o  equipamento  da  DIMET,  adaptando-o  aos  ti 
pos  de  atividade  hoje  r.ecess&rios  (estudos  especiais,  pesquisa  tecnoldgica,  e  al- 
gumapesquisa  fundamental  e  divulgapao  de  recentes  t£cnieas  e  materials,  tudo 
isto  correspondendo  ao  4e  perfodo  da  evolupao  da  DIMET).  E  essencial  eliminar 
certos  equipamentos,  adaptar  alguns,  trocar  outros  e  complementar  o  conjunto  de 
novos  aparelhos  e  instrumentos .  Isto  deverS.  ser  feito  sempre  com  o  objetivo  de 
atingir  um  nfvel  moderno  de  controle  e  de  precis  ao  sobre  os  processes  e  materials 
estudados  em  escala  de  laborat6rio,  visando  a  solupao  de  problemas  da  metalurgia 
nacional . 

A  tendencia  dever£  ser,  agora,  a  de  escoiher  aparelhos  e  instkrumentos  ver 
sS.teis,  precisos  e  eficientes  para  o  desempenho  das  novas  missoes  da  DIMET 
(principalmente  a  solupao  de  problemas  atravSs  da  pesquisa  tecnoldgica). 


5.2.  Recursos  Humanos 

Reside  aquf  una  outra  dificuldade  das  jovens  instituipoes  de  tecnoiogia,  dos 
Pafses  em  desenvolvimento:  a  da  reuniao  do  pessoal  neeess&rio  e  suficiente  para 
a  apao  da  instituipao.  Quanto  ao  ndmero  de  funcionS.rios  h£,  geralmente  limitapoes 
severas.  Quanto  aos  niveis  de  preparo  e  eorrespondentes  sal&rios  ha  limitapoes  e 
inadequapoes  decorrentes  de  regulamentos  estatais  ou  da  competipao  de  uma  indtis- 
tria  as  vezes  pequena  mas  sempre  £vida  por  pessoal  t§cnico.  Quanto  as  qualifica- 
poes  existem  tambdm  dificuldades  sfirias:  insuficiente  ou  inadequado  preparo  dos 
elementos  de  nfvel  universitario;  dificulflade  de  conseguir  pessoal  de  nfvel  m6dio 
qualificado  e  adaptado  ao  trabalho  em  instituipoes  de  pesquisa  (eletricistas,  meca 
nicos,  etc). 

E  preciso  notar  que  um  instituto  de  tecnoiogia  eecessita  pessoal  com  as  qua 
lificapoes  adequadas  a  diferentes  tipos  de  trabalho:  iaboratdrio,  escrit6rio,  oficinas, 
instalapoes  piloto,  servipos  gerais. 

No  caso  particular  do  I.  P.T.  6ssas  dificuldades  tern  sido  resolvidas  "pari 
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passu”  com  a  evolucao  da  instituipao.  A  experiencia  adquirida  pcio  I.  P.T.  talvez 
possa  resumir-se  como  segue: 

Ligapao  estreita  com  uma  boa  escolaa  de  engenharia  (Escola  Politdcnica  da 
Universidade  de  Sao  Paulo),  permitindo  que  tdcnicos  15.  lecionem  e  propor- 
cionando  aulas  prdticas  aos  estudantes;  isto  contribui  para  chamar  a  aten- 
pao  dos  estudantes  para  a  instituipao  e  despertar  seu  interesses. 

Admissao  de  assistentes-alunos  que  sao  funcion&rios  do  I.  P.T.  em  regime 
especial,  colaborando  nas  suas  atividades  normais,  sempre  orientados  por 
tdcnicos  esperimentados . 

Equiparapao  dos  sal&rios  pagos  no  I.  P.T.  aos  mais  altOL  .lfveis  atribuidos  em 
regime  acaddmico  (sal&rios  pagos  na  Universidad*  de  Sao  Paulo  para  regime 
de  tempo  integral). 

Existencia  de  possibilidades  de  progresso  hier£rquico  e  de  oportunidades 
para  estudo  e  aperfeipoamento  tdcnico  na  prdpria  instituipao  ou  no  exterior. 

Manutenpao  de  uma  orientapao  objetiva  de  selepao  dos  mais  aptos  e  elimina- 
pao  (muitas  vezes  inconspfcua)  dos  menos  adaptados  a  instituipao. 

Em  consequencia  pode  se  afirmar  que  o  I.  P.T.  dispoe  hoje  de  um  corpo 
tScnico  (engenheiros,  tdcnicos  de  grau  m^dio,  mestres,  operdrios  especializados, 
pessoal  de  escritdrio,  etc),  que  se  equipara  em  qualidade  aos  corpos  de  emprega- 
dos  das  melhores  inddstrias  locais.  Deficiencias  existem  mas  se  limitam  a  certos 
setores  e  funpoes  especializadas. 

A  DIMET  conta  hfcuaimente  com  15  engenheiros  e  70  funciondrios  de  diver- 
sos  nfveis. 

E  de  notar  que  entxdades  como  o  I.  P.T. ,  devido  a  perda  de  funciondrios 
(atrafdos  pela  inddstria,  designados  para  outras  funpoes.  aposentados),  enfrentam 
sempre  sdrios  problemas  com  a  manutenpao  da  continuidade  dos  seus  trabalhos. 

Esta  continuidade  nao  pode  ser  quebrada  sem  grave  risco.  As  perdas  tern  que  ser 
contrabalanpadas  pela  admissao  e  formapao  contfnua  de  novos  elementos  de  valor, 
procurando-se  reter  um  quadro  mini  mo  que  assegure  a  vida  da  instituipao. 

No  caso  da  DIMET  do  I.  P.  T.  a  perda  contfnua  de  elementos  de  alto  valor, 
atrafdos  peias  oportunidades  existentes  na  inddstria,  embora  tendo  correspondido 
a  mais  de  um  servipo  prestado,  conduziu  a  uma  situapao  diffcil.  H&  no  momento, 
um  corpo  tdcnico  insuficiente  em  nfimero  e  treinamento  (formado  por  engenheiros 
jovens  que  precisam  ser  preparados  pela  especializapao  no  exterior). 
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5,3.  Recursos  tdcno- cientfficos 

A  importancia  deste  fator  nao  precisa  ser  assinalada.  A  J^agagem  tdcno- 
cientffica  aucumulada  por  um  institute  de  tecnologia  e  disponfvel  para  o  seu  tra- 
balho,  seja  pelos  eonhecimentos  e  experienoia  de  seus  tficnicos,  seja  pelo  acervo 
de  documentos  dos  seus  arquivos,  seja  pela  biblioteca  de  que  disponha,  evidente- 
mente  6  fator  decisivo  para  o  cumprimento  da  sua  missao.  O  prdprio  prestfgio  e 
passado  de  uma  instituipao  lhefomecem  possibilidades  de  contaeto  com  entidades 
nacionais  e  estrangeiras,  permitindo  a  bbtenpao  direta  ou  indireta  de  informapoes 
(iteis  a  sua  tarefa. 

Convdm  mencionar  as  origeas  do  capital  tficno-cientffico  de  uma  institui- 
pao  como  o  I.  P.T. :  o  preparo  universiterio  dos  seus  t6cnicos;  a  experiencia  ad 
quirida  na  atividade  constante  e  in+ensa  de  assistencia  a  indfistria;  a  <  rqperimenta 
pao  e  o  estudo;  o  alto-didatismo;  os  estdgios  e  cursos  efctuados  por  sens  tdcni- 
cos  no  exterior;  o  intercambio  constante  com  tdcnicos  do  Pafs  e  do  exterior;  a 
cooperapao  no  ensido  em  cursos  regulares  ou  especiais;  etc. 

No  que  respeita  a  natureza  desse  capital  tdcno-cientffico  comvdm  lembr^r 
que,  no  caso  da  DIMET  do  I.  P.T. ,  ele  consistiu  nao  apenas  no  conhecimento  aca- 
demico  ou  de  laborat6rio  mas,  especialmente  nos  dois  primeiros  perfodos  da  sua 
evclupao,  nos  eonhecimentos  prdticos  e  na  exper.  iencia  pessoal  direta  de  conaipoes 
industrials  de  trabalho.  Daquf  para  diante  5  preciso:  divers  iiicar  os  conhecimen- 
tos  da  equipe,  de  modo  a  atender  a  muito  maior  variedade  de  problemas;  aumentar 
as  suas  bases  cientfficas  dando-lhes  assim  as  ferramentas  essenciais  para  a  solu- 
pao  de  probiemas  cada  vez  mais  complexos  e  diffeeis  apresentados  por  uma  indfis- 
tria  em  r&pida  evolupao.  E  preciso  que  se  diga  que  os  Pafses  avanpados  podem, 
se  o  desejarem,  fazer  enormes  contribmpoes  para  o  desenvolvimento  industrial 
dos  Pafses  novos  atravds  da  cooperapao  para,  que  os  recursos  tdcno-cientfficos 
(recursos  de  natureza  intrinsic amente  inteiectual)  os  institutos  de  tecnologia  des- 
tes  dltimos  possam  se  desenvoiver  rapidamente.  A  concessao  de  bolsas  de  estudo 
especializado;  a  criapao  de  oportunidade  de  estSgic-  de  treinamento  em  laboratdrio 
e  indtistrias  evolufdas;  o  envio  de  especialistas  para  o  trabaLio  e  ensido  por  cur- 
tos  perfodos  nas  inst.ituipoes  locais;  o  fornecimento  de  literatura  tdcnica  abundan 
te  e  gratuita  (livros,  .revistas,  pubiicapoes  diversas);  tudo  isto,  se  realmente  efe 
tivado  tendo  em  vista  os  iegftimos  e  reais  interesses  dos  Pafses  em  desenvolvi¬ 
mento  poderia  ser  fator  decisivo  para  a  vitdria  da  "revolupao  t6cnol6gica"  nessas 
napoes.  Infelizmente,  essa  ajuda  tern  sido  extremamente  limitada  e,  mesmo 
quando  tern  existido,  tern  sido  frequentemente  orientada  de  forma  totalmente  ina- 
dequada  aos  fins  gerais  em  vista  (a  incompreensao  das  condipoes  locais  tern  cana 
lizado  ajuda  para  pesquisas  cabfveis  em  Pafses  evolufdos  mas  injustific&veis  em 
Pafses  atrazados  e  pofcres). 
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Finance irOS 


Destes  recursos  dependem,  naturalmente,  as  disponibilidades  de  quase 
todos  os  outros  j&  mencionados.  As  possibilidades  de  financiamento  sao:  gover- 
namentais  (federais  ou  estaduais);  financiamento  por  parte  da  inddstria;  financia 
mento  por  entidades'  (nacionais  e  estrangeiras)  especiaimente  destinadas  a  ajuda 
filantrdpica  ou  desinteressada;  auto-financiamento. 

No  caso  do  I.  P.  T.  o  financiamento  d  cerca  de  65%  oriundo  do  Governo-do 
Estado  de  Sao  Paulo  e  35%  oriundo  do  auto-financiamento.  O  I.  P.T.  cobra  por 
ensaios,  andlises,  exames,  estudos  e  relatdrios  encomendados ,  materiais  fome 
cidos,  etc. ;  nao  cobra  por  infcrmapoes  e  cooperapao  tficnica  variada  que  presta 
todos  os  dias  aos  que  o  proeuram.  Tambdm  deve  ser  dito  que,  dadas  as  condi- 
coes  locais,  os  prepos  cobrados  apenas  cobrem  uma  parte  dos  custos  reais  dos 
trabalhos  realizados  sob  pedido.  O  I.  P.  T.  geralmente  s6  cobra  sens  servipos 
quando:  pedido  expresso  de  um  interessado;  as  informapoes  ou  dados  forne 

cidos  nao  sao  de  interesse  coletivo  evidente;  lid  necessidade  de  elaborar  e  for- 
necer  documento  escrito. 

A16m  destas  fontes  regulares  o  I.  P.T.  tern  recebido  pequenas  parcelas  de 
ajuda  federal;  pequenas  parcelas  da  Fundapao  de  Amparo  a  Pesquisa  do  Estado 
de  Sao  Paulo,  que  apenas  inicia  suas  aiividades  diminutas  e  raras  parcelas  de  aju 
da  desinteressada  por  parte  da  inddstria;  praticamente  nenhuma  ajuda  internacio 
nal. 

A  dependencia.  do  financiamento  governamental  e  natural;  num  Pats  novo  a 
inddstria  nao  dispoe  de  capital  suficiente,  nem  siquer  para  a  sua  prdpria  expansao, 
sendo  Oiffcil  que  ajude  substancialmente  a  instituipoes  que  visam  o  interesse  cole¬ 
tivo.  No  Brasil,  pordm,  a  evolupac  industrial  estd  chegando  a  um  ponto  em  que  os 
empresdrios  ccmepam  a  se  interessar  efetivamente  pela  ajuda  aos  institutes  tecno- 
ldgicos . 


5.5.  Recursos  Administr  ativos 

A  capacidade  de  planejamento,  organizapao  e  administrapao  da  operapao  de 
emoresas  e  instituipoes  6  notoriamente  falha  nos  Pafses  novos.  E  especiaimente 
falha  em  algumas  entidades  dirigidas  por  cientistas,  pesquisadores  e  professores. 
Estes  frequentemente  sao  desprovidos  da  experiencia  e  do  feitio  humano  que  fazem 
o  bom  administ^ador.  Resultam  entao  desastres  entrisiecedores.nao  faitando  exem 
plos  de  instituipoes  que  brilham  nomentaneamente  para  se  extinguirem  logo  depois, 
entrando  ''m  regime  de  estagnapao  resignada.  Muitas  vezes  atribue-se  a  culpa  ao 
Governo  ou  a  fatores  extemos  a  instituipao  quando  na  realidade  a  falha  eabe  aos  seus 
diriger.tes. 

O  planejamento,  organizapao  e  administrapao  de  novas  instituipoes  de  tecno 
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logia  merece,  pois,  a  mais  cuidadosa  atenpao,  pois  dessas  apoes  depende  toda  a 
vida  e  sueesso  dessas  eniidaaes  essenciais  ao  desenvolvimento  industrial.  Deixa 
mos  propositadamente  para  o  fim  a  considerapao  deste  deeisivo  fator,  realmente 
primordial  e  que  oondieiona  todos  os  outros. 

O  planejamento,  organizapao  e  administrapao  de  instituipoes  devotadas  a 
teeno logia  impliea,  exige  ou  se  oondieiona  eomo  segue: 

a.  Existenoia  de  perfeita  eompreensao  da?  eondipoes  e  neeessidades  do  Pafs 
e  dos  objetivos  a  atingir.  H&,  infelizmente,  instituipoes  pautadas  por  pre 
dilepoes  pessoais  ou  erronea  eompreensao  dos  verdadeiros  ir.teresses  de 
um  Pafs.  Os  preciosos  reeursos  nelas  empregados  nao  encontram,  assim 
a  utilizaeao  a  que  a  eoletividade  teria  direito.  E  porisso  importante  que  to 
do  o  planejamento,  organizapao  e  operapao  sejam  executados  por  pessoas  e 
grupos  plen  tmente  eoneientes  dos  objetivos  a  atingir  e  das  possibilidades 
do  Pafs. 

b.  Capaeidade  de  planejar  a  eriapao  e  a  evolupao  da  instituipao  de  aeordo  com 
as  neeessidades,  eondipoes  e  objetivos  cabfveis  no  Pafs.  E  essencial  que 
as  pessoas  ou  grupo  encarregado  da  terefa  tenha  real  capaeidade  e  experien 
cia  administrativa  e  tdcnica,  alGm  da  eompreensao  mais  acima  mencionada. 
Isto  6  mais  facilmente  dito  que  cumprido,  especialmente  nos  Pafses  em  de- 
senvolvimento,  e  mais  ainda  no  caso  de  instituipoes  governamentais.  No  en 
tanto,  mesmo  que  o  grupo  dirigente  da  instituipao  nao  tenha  a  mais  alta  ca- 
pacidade  tGcnica  e  experiencia  administrativa  desejGvel,  mesmo  assim,  se 
t.iver  bom  senso  certamer-io  pode  recorrer  aos  exemplos  de  outras  institui¬ 
poes  bem  sucedidas,  especialmente  nos  Pafses  avanpados.  Esta  coiabora- 
pao  deve  ser,  porGm,  buscada  com  critGrio  e  discernimento  pois,  doutra 
forma,  h&  o  perigo  de  se  copiar  em  modelos  inadequados.  Este  perigo  e 
tac  mais  real  quanto  6  frequente  encontrar-se  tGcnicos  dos  Pafses  avanpa 
dos  que,  desconhec.endo  ou  esqueeendo  inteiramente  as  eondipoes  e  reais 
problemas  locais  aconselham  caminhos  errados,  embora  com  a  melhor  das 
intenpoes.  Um  erro  frequente  G  aconselhar  que  as  instituipoes  dos  Pafses 
em  desenvolvimento  considerem  a  ampliapao  do  conhecimento  cientffico  co 
mo  un  obietivo  "per  seM.  Ora  nesses  Pafses  o  essencial  0  usar  a  ciencia 
corao  meio  ou  reeurso,  aplicando  os  conhecimentos  cientfiicos  abundantes, 
jfi  existentes.  para  o  desenvolvimento  da  produpao  e  da  produtividade  locais. 
Este  argumento  pode  nao  ser  vSlido  para  Pafses  mo  a  Argentina,  que  fe- 
lizmeme  ji  atingiu  padrao  de  vida  mGdio  similar  ao  dos  Pafses  europeus, 
mas  6  certamcnte  valido  no  Brasil,  onde  a  existencia  de  milhoes  de  criatu- 
ras  vivendo  em  eondipoes  miseraveis  6  argumento  irrecoondfvel  e  irretorquf 
velem  favor  da  objeuvidade,  da  urgencia,  e  da  colocaeao  dos  interesses 
imediatos  do  desenvolvimento  acima  das  predilepoes  cientfficas  de  alguns 
pesquisadores.  De  forma  alguma  vai  este  argumento  contra  a  ncia;  mui 
to  pelo  contr&rio,  exatamente  para  o  mais  r&pido  progresso  dos  pafses  atra 
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zados  6  imprescindfvel  a  ciencia,  mas  como  ferramenta  ou  meio  e  nunca 
como  objetivo  ou  fim. 

Est&  claro  que,  se  de  um  lado  6  preciso  evitar  o  academismo  de  torre  de 
marfirn,  6  igualmente  perigoso  cair  no  empirismo  de  vista  curta. 

c.  Capacidade  de  analisar  continuamente  a  instituipao  nos  seus  vfirios  aspec- 
tos,  observando  e  corrigindo  comflexibilidade  as  variapoes  dos  objetivos 
imediatos  e  as  flutuapoes  das  disponib  ada5"“s  de  recursos  de  todos  os  ti- 
pos.  Esta  atenpao  a  evolupao  do  Pafs  exige  enorme  capacidade  de  trabalho; 
bom  senso;  cultura  geral;  conhecimento  de  problemas  economicos,  indus- 
triais,  tdcnicos  e  cientfficos;  compreensao  humana;  capacidade  de  dire- 
pao;  entendida  como  a  capacidade  de  inspirar,  estimular  e  orientar  o  tra 
balho  ae  equipes  q  pessoas. 

d.  Busca  constante  do  entrosamento  com  o  meio  industrial  e  tdcnico  do  Pafs, 
sem  o  que  a  instituipao  corre  q  risco  de  evoluir  afastada  da  realidade  e  fu 
gir  aos  seus  propdsitos  verdadeiros.  Este  entrosamento  e  contato  precisa 
assumir  as  mais  variadas  formas,  desde  aquelas  que  decorrem  diretamen 
te  das  atividades  normais  da  instituipao,  a te  aquelas  que  devem  se  originar 
de  um  esforpo  especial  de  colaborapao  e  intercambio.  E  essencial  nao  es- 
quecer  que  a  finalidade  dttima  dos  institutes  de  tecnologia  6  a  de  servir  a 
inddstria  e  a  coletiviiade,  da  melhor  maneira  possfvel,  sob  todas  as  for¬ 
mas  vi&veis.  E  preciso  interessar  a  indflstria  e  nao  aguardar  que  esta  atin 
ja  o  grau  de  mr '  ■  idade  que  a  fapa  expontaneamente  procurar  a  ajuda  das 
instituipoes  de  tecnologia.  £  preciso  demonstrar  interesse  por  seus  pro¬ 
blemas  e  compreensao  por  seus  pontos  de  vista,  que  as  vezes  chocam  os 
tdcnicos  que  nao  compreendem  que  a  inddstria  deve,  antes  de  tudo,  ser 
economicamente  eficiente.  Certas  solupoes,  embora  tecnicamente  corre- 
tas,  nao  sac  muitas  vezes  indust rialmente  vi&veis. 

e.  Total  isenpao  pessoal  e  integral  devotamento  dos  administradores  e  tdcni- 
c-os.  Embora  diffcil,  deve-se  ter  sempre  como  objetivo  a  eliminapao  dos 
conflitos,  predilepao  e  ambipoes  pessoais,  diante  dos  interesses  urgentes 
e  maiores  da  coletividade.  Isto  6  especialmente  vdlido  nos  Pafses  novos  e 
de  baixo  padrao  de  vida,  onde  a  apao  dos  tficnieos  tem  que  assumir  um  ca- 
rater  quase  missiondrio.  A  mfstica  do  desenvolvimento  ejdo  progresso  tdc- 
nico  d  a  dnica  que  poderd  eficazmente  contrabalanpar  a  demagogia  destruti- 
va  baseada  no  desespero.  A  ess  a  tarefa  grandiosa,  as  equipes  dos  Institutes 
de  Tecnologia  de  Pafses  novos  devem  devotar-se  totalmente,  nao  sendo  ad- 
missfvel  o  duplo  emprego  e  a  atividade  de  tempo  parciai.  Claro  estd  que  ca 
be  aos  administradores  assegurar  condipoes  aos  tdcnicos  para  que  possam 
trabalhar  sem  preocupapoes  externas. 

No  caso  do  I.P.T. ,  e  da  sua  DIMET,  as  condipoes  acima  indicadas  tem  sido 

razoavelmente  obedecidas.  Desde  a  sua  criapao  como  entidade  independente  o  I.P.T. 

de  Eao  Paulo  (1934)  foi  orientado  por  homens  plenamente  conscientes  da  missao  da 
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missao  da  instituipao  no  Pafs,  conscientes  das  necessidades  de  possibilidades  da 
tecnoloeia  local,  conscientes  dos  reel  os  ou  fatcres  de  due 
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mao  para  ajudar  o  desenvolvimento  industrial.  A  visao  do  Prof.  Ary  Torres,  o 
idealismo  do  Dr.  Adriano  Marchini  e  a  integridade  do  Prof.  Maffei,  sao  bem  co- 
nhecidos  e,  juntamente  com  as  qualidades  de  numerosos  outros  tficnicos,  torna- 
ram  possivel,  o  aparecimento  e  desenvolvimento  daquilo  que  se  poderia  chamar 
de  no  espfrito  ipeteano",  misto  de  objetividade,  idealismo  e  correpao  no  cumpri 
merte  das  missoes  da  instituipao. 


Convdm  dizer  algumas  palavras  sobre  os  aspectos  administrativos  do 
I.  P.T.  O  Institute  de  Pesquisas  Tecnoldgicas  6  uma  autarquia  estadual:  6  uma 
instituipao  mantida  pelo  Govemo  do  Estado  de  Sao  Paulo  mas  dotada  de  bastante 
independencia  administrativa.  EstA  subordinada  diretamente  ao  Go/ernador  do 
Estado.  E  dirigida  por  urn  Conselho  de  Administrapao  constituido  de  quatro  mem 
bros  indicados  peia  Congregapao  da  Escola  Politdcnica,  dois  membros  indicados 
pelo  Institute  de  Engenharia  de  Sao  Paulo,  dms  pela  Federapao  das  Inddstrias  do 
Estado  de  Sao  Paulo  e  um  representante  da  Secretaria  da  Fazenda  do  Estado.  A 
direpao  executiva  cabe  a  um  Superintendente,  escolhido  pelo  Governador  entre 
tres  nomes  apresentados  pelo  Conselho.  Este  mesmo  sistema  vigora  na  indica- 
pao  dos  membros  do  Conselho  que  sao  escolhidos  pelo  Governador,  de  listas  „ .. 
apresentadas  pela  Escola  PolitAcnica.,  Institute  de  Engenharia  e  Federapao  das 
Inddstrias.  Tal  sistema  da  a  Instituipao  uma  grande  autonomia  administrativa  e 
total  libei'dade  tAcno-cientffica.  A  presenpa  de  representantes  da  inddstria  e  da 
engenharia  local  no  Conselho  contribui  para  o  estreitamento  dos  lapos  entre  a 
instituipao  e  o  meio  tAcnico  e  industrial. 


O  I.  P.T,  possui  5  Divisoes  TAcnicas  (Metalurgia,  Civil,  Qufmica,  Madei 
ras  e  Mecanica)  e  uma  Di visao  de  Servipos  Administrativos.  O  Superintendente  e 
os  Chefes  de  Divisao  constituem  uma  Junta  TAcnico- Administrativa,  encarregada 
de  gerir  atividades  da  Instituipao  como  6rgao  delegado  do  Conselho. 

As  Divisoes  sao  subdivididas  em  Secpoes  e  Servipos  A.uxiliares.  AtA  hoje 
todos  os  Super intendentes  e  chefes  de  Divisao  feram  tAcnicos  com  diploma  Univer 
sitArio  e  que  adquiriram  a  sua  experiencia  no  I. P. T.  A  fig.  5  indica  o  organogra 
ma  atual  do  I.  P.  T. 


E  preciso  que  se  mencione  o  fato  de  que,  diante  do  progresso  extraordinA- 
rio  da  IndAstria  Brasileira  nos  Altimos  anos  e  diante  do  fato  de  estar  o  I.  P.  T.  ago 
ra  perdendo  numerosos  colaboradores  por  aposentadoria,  a  capaeidade  de  planeja- 
mento  e  administrapao  dos  seus  dirigentes  vai  ser  particular mente  solicitada  nos 
prdximos  anos,  no  sentido  de  adaptar  a  instituipao  a  eondipoes  bastante  diversas  das 
que  vigoraram  atA  10  anos  atrAs.  No  caso  particular  da  DIMET  A  importante,  aci 
ma  de  tube,  formar  uma  nova  equipe  atravAs  da  orientacao  cuidadosaieaids  estAgios 
no  exterior.  AlAm  disso  A  imperioso  rever  as  finalidades  imediatas  da  DIMET,  am 
pliando-a  e  orientando-a  cada  vez  mais  no  sentido  de  meihor  atenaer  as  necessida¬ 
des  da  coletividade.  G  Quadro  \T,  indica  uma  possfvel  organizapao  futura  para  a 
DIMET. 
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QUADRO  VI 

-  SETORES  DE  ATIVIDADE  TECNICA  E  SERVIOOS 
AUXILIARES  DESEJAVEIS  PARA  A  EXPANSAO  DOS 
SERVIQOS  QUE  A  DIMET  DO  I.P.T.  PRESTA  A 
METALURGIA  BRASILEIRA 

SETORES  DE  ATIVIDADE  TECNICA 

A. 

Grupo  Metalurgia  Extrativa 

1. 

Mindrios  e  seu  tratamento 

2. 

Metalurgia  extrativa  dos  nao-ferrosos 

3. 

Matdrias  primas  sidertirgicas 

4. 

Reducao  de  minfirios  de  ferro 

5. 

Producao  de  apos  comuns  e  especiais 

B. 

Grupo  de  Fundipao 

6. 

Fundipao  de  ferrcs  fundidos 

7. 

Fundipao  e  elaborapao  de  iigas  nao-ferrosas 

8. 

Fundipao  de  apos 

9. 

Processos  especiais  de  fundipao 

10. 

Materials  de  moldagem 

C. 

Grupo  de  Metalurgia  de  Transformapac 

11. 

Transformapao  mecanica 

12. 

Pulvimetalurgia 

13. 

Solda 

14. 

Tratamentos  termicos 

15. 

Tratamentos  superfieiais 

D. 

Grupo  de  Metaiografia 

16. 

Metaiografia  ferrosa 

17 

Metaiografia  dos  nao-ferrosos 

18. 

Propriedades  e  ensaios  mecanicos  de  metais 

19. 

Ensaios  especiais  e  controle  de  qualidade 

20. 

Especificapoes  e  normas  metaldrgicas 

21. 

Aplicapoes  dos  metais  e  ligas.  Comportamento  em  servipo 

22. 

Tecnologia  da  corrosao 

E. 

Grupo  de  Metalurgia  Bftsica 

23. 

Ffsica  dos  metais 

24. 

Ffsico-qufmica  mv  taldrgiea 

F. 

Grupo  de  Estudos  T6cnicos 

25. 

Documentapao  t6cnica  de  metalurgia 

26. 

Equipamentos  industriais  (metaldrgicos) 

27. 

Estudos  econ6micos  de  processos  e  materiais 

SERVigOS  AUXILIARES 

Secretaria 

Controle  de  Materials  j 

i 

Se^vipos  TScnicos  Auxiliares  (desenho,  manutenpao,  etc. ) 

j 

■Ser 

'»pos  Diversos 

s 

1 
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6.  CONCLUSOES 


6.1.  A  apao  dos  Institutos  de  Tecnologia  d  da  mais  alta  importancia  para  o  pro 
gresso  industrial  e  social  dos  pafses  novos. 


6.2.  Os  Objetivos,  mdtodos,  recursos  e  atividades  desses  Institutos  precisam 
ser  analisados  com  realismo  e  cuidado,  de  modo  a  permitir  o  planejamen 
to,  a  organizapao  e  a  operapao  eficientes  e  flteis  a  coletiyidade. 


6.  3.  As  atividades  desses  Institutos  e,  especiaimente,  as  pesquisas  neles  reaU 
zadas  devem  ter  ear&ter  predominante  de  aplicapao  a  solupao  de  problemas 
existentes,  utiiizando  ao  mfiximo  a  ciencia  como  um  meio  ou  recurso  e  nao 
como  objetivo  direto. 


6. 4.  A  ajuda  por  parte  dos  Pafses  desenvolvidos  serfi.  particularmente  eficaz 
quando  dirigida  aos  Institutos  Tecnoldgicos,  escolas  e  Associapoes  T6cm 
cas  dos  Pafses  em  desenvolvimento. 


6.5.  A  DIMET  do  I.  P. T.  de  Sao  Paulo  contribuiu  decisivamente  para  o  desen¬ 
volvimento  da  indtistria  metalurgica  brasileira,  a  qual  prestou  uma  assis 
tencia  tficnica  contfnua  e  multiforme. 


m-47 


FIG.  2  -  INTERDEPENDfiNCIA  ENTRE  A  INDOSTRIA  METALOR 
GICA  E  AS  OUTRAS  INDOSTRIAS. 
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FIG.-5  ORGANOGRAMA  ATUAL  DO  I.P.T.  (SIMPLIFICADO). 
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PLAN  DE  ACTIVE) ADES  DEL  DEPARTAMENTO  DE  METALURGIA  DE  La 
COMISJON  NACIONAL  DE  ENERGIA  ATOMICA,  ARGENTINA 

por  Jorge  A.  Sabato 


El  Departamento  de  Metalurgia  fu6  creado  como  un  Servicio  de  Metaiurgia 
en  1955.  En  1957  fud  transformado  en  Division  y  contO  entonces  con  sus  primeros 
laboratories  provisorios.  En  1900  fu6  convertido  en  Departamento  -dependiente  de 
la  Gerencia  de  Tecnologfa  de  la  CNEA-  y  se  trasladO  a  sus  actuale3  labor&iorios. 

Sus  actividades  se  han  realizado  siguiendo  tres  line  as  fundamentales : 

Investigacidn  y  Desarrollo 

Asistencia  tdcnica  directa  a  la  industria  metaldrgica  argentina 
Entrenamiento 

La  tarea  realizada  en  cada  una  de  esas  Ifneas  en  el  perfodo  1957  -  1963  ha 
sido  la  siguiente; 

a)  Publicaciones 

En  ese  perfodo  personal  del  Departamento  de  Metalurgia  ha  publicado  al- 
rededor  de  50  trabajos  en  diversas  revistas  tdcnicas  de  car  deter  interna- 
cional,  v  presentado  otros  10  en  reuniones  cientrficas  reaiizadas  en  distin 
tos  pafses . 

b)  Reuniones  Cientfficas 


El  Departamento  de  Metalurgia  organizO  tres  reuniones  cientfficas  interna 
cionales: 

Primer  Coloquio  Latinoamericano  de  Pulvimetalurgia  (noviembre  de 
1961) 

Coloquio  Internacional  "El  Impacto  de  la  Metalurgia  Ffsi<»a  en  la 
Tecnologfa"  (Abril  de  1962) 

y  colaborO  muy  activamente  en  la  realizacidn  de  las  Prime  ras  Jornadas 


Metalfirgicas  Argentinas  (Noviembre  de  1959),  organizadas  por  ia  Socie- 
dad  Argentina  de  Metaies. 

Contratos  de  Investigacidn 

El  Depai’tamento  ha  realizado  y  reaiiza,  investigaciones  por  oontrato,  pa¬ 
ra  las  siguientes  instituciones: 

C.I.T.E.F.A.  (Argentina) 

Organizacidn  de  los  Estados  Americanos 
Office  of  Naval  Research  (USA) 

Army  Research  Office  (USA) 

Atomic  Energy  Commission  (USA) 

Subsidios 


El  Departamento  ha  recibido  subsidios,  para  realizar  investigaciones,  de 
las  siguientes  instituciones: 

Conseco  Nacional  de  Investigaciones  Cientfficas  y  T6cnicas  (Argen¬ 
tina) 

National  Science  Foundation  (USA) 

Organizacidn  de  los  Estados  Americanos 

Organizacidn  Intrrnacional  de  Energfa  Atdmica  (Viena,  Austria) 
Fundacidn  Ford 

Air  Force  Office  of  Scientific  Research  (USA) 

Patentes 


El  Departamento  ha  obtenido  las  siguientes  patentes: 

1.  Producci6n  de  aleaciones  de  uranio-aiumin.'o  empleando  hexafluo- 
ruro  de  uranio. 

2.  Sinterizacidn  continua  de  6xido  de  uranio. 

3.  Un  nuevo  tipo  de  atmdsfera  protectors  para  la  sinterizacion  de  co 
bre  y  sus  aleaciones . 

4.  Soldadura  de  aluminio  y  sus  aleaciones  empleando  un  arco  de 
10.000  Hz. 

Elementos  combustibles  para  reactores  nucleares 

El  Departamento  de  Metalurgia  ha  fabricado-  elementos  combustibles  pa¬ 
ra  el  primer  nficleo  del  Reactor  Nuclear  RA-1,  primer  reactor  construfdo 
en  Latinoamfirica.  Estos  elementos  combustibles  eran  del  tipo  Argonauta; 
U3O8  (enriquecido  20%)  -  Aluminio  en  polvo  envuelto  en  placas  de  Aluminio. 

El  mgtodo  utilizado  para  la  produccion  de  estos  elementos  combustibles  fu§ 
luego  vendido  a  una  firma  alemana. 
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Elementos  combustibles  para  el  segundo  ndeleo  del  Reactor  RA-1. 
barras  de  UO2  (enriquecido  20%)  -  grafito,  envuelio  en  tubes  de  A*. 
Y  de  los  elementos  combustibles  para  el  primer  video  dd  reactor 
RAEP,  5  MW:  Al  -  15%  U  (eiiriquamdo  90%)  aletcion  en  un  elemeiao 
tipo  MTR. 


g)  Expertos  Extranjeros 

Por  perfodos  variables  er.tre  algunas  semanas  v  alg*»uos  mesus  ss  »»  i-*  d-s 
empenado  en  el  Departamonto  de  Metalurgia  aot-oxim*1  ianrr''"  50  m  -talur- 
gistas  extranjeros  procedentes  de  distin’os  pafses,  eatr**  ot  ro  Estados  Uri 
dos  de  America,  Gran  Bretafia,  Francia,  Aleroa'.ia..  R.isia,  Canada.  Auptra. 
lia,  Chile,  Brasil,  Austria,  Suecia,  etc. 


Asistencia  Tdcnica  a  la  Industria  Metaitirgica 


En  Marzo  de  1961.  el  Departamento  de  Metaiurgia  de  la  Comision  Nacional 
de  Energfa  Atomica,  con  la  cooper acidn  de  la  Asoeiacion  de  Industriales  Metalurgi 
cos  de  la  Repfiblica  Argentina,  puso  en  marcha  el  primero  ~y  hasta  ahora  tiriico- 
Programa  de  Asistencia  Tficnica  a  la  Industria  MctaMrgica  Arge  ri*?a,  <  rea.ndo  a 
tal  efecto  un  organismo  especial:  el  SATI  (Servicio  de  Asiste  jcia  Fee.ioa  a  la  In- 
dustria  Metaldrgica). 


I.  Objetivos  del  SATI 

El  SATI  es  una  institucion  de  bien  pdblico  (non-profit  organization).  Es  un 
organismo  mixto,  pues  si  bien  administrativamente  forma  parte  de  la  Ge- 
rencia  de  Tecnologfa  de  la  CNEA,  su  existencia  deriva  del  convemo  entre 
la  CNEA  y  la  Asociacidn  de  Industriales  Metaliirgicos  que  est.ablece,  entre 
otras  cosas,  que  la  A.I.M,  eontribuird  al  presupuesto  de  furcionamiento 
del  SATI,  que  el  Director  de  6ste  mantendrd  plenamente  informadas  a  las 
autoridades  del  A.I.M.  en  todo  lo  refe rente  al  funoiouamiento  del  SATI  y 
que  un  delegado  de  la  A.I.M.  supervisard  personalmente  dicho  funciona- 
miento.  Por  ofcra  parte,  el  SATI  brinda  sus  servicios  a  todo  industrial  ar 
gentino,  pertenezea  o  nrt  a  la  Asociacidn  de  Industriales  MeralCirgicos. 

Los  objetivos  del  SATI  son  los  siguientes: 

a)  Preslar  asesoramiento  cientffico-tecnoldgico  a  la  industria  mata- 

lfirgica  argentina  en  todos  los  prcblemas  derivados  de  la  fabrication 
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y  uso  d€j  metales,  aleaciones  y  productos  oerrsi-eiahorados  y  ehibo 

rados . 

b)  Difundir  nuevos  mdiodos  de  produeoidn,  ia  aplicacidn  de  nuevcs  me 
tales,  de  otras  materias  primas,  de  m&quinas  e  instrumenlos . 

c)  Facilitar  el  acceso  a  una  mejor  y  nuts  completa  informacidn  cientf 
fica  y  tdcniea. 

d)  Desarrollar  nuevos  rnetodos  de  control  de  ealidad. 

e)  Emprender  las  invesi.igaciones  de  desarroilo  que  resulted  de  las 
caracterfsticas  propias  de  nuestro  mercado,  la  naturaleza  de  las 
materias  primas  de  que  se  dispone,  la  accesi bilidad  de  m^quinas  y 
equipos,  el  grado  de  entrenamiento  y  capacitacidn  de  personal,  etc. 

i)  Preparar  a  la  mdustria  del  pais  para  la  profunda  transformacidn 

tecnoldgiea  que  se  producing  en  los  prdximos  arios  como  consecuen 
ciade  los  import  antes  desarrollos  cientfficos  realizados  en  los  Gl- 
t linos  anos  en  campos  tales  como  la  deformacidn  pl&stica,  la  teorfa 
de  aleaciones,  eompuestos  inter  me  t^iicos,  etc. 

& 


II.  Funcionamiento  del  SATI 

El  campo  de  asesoramiento  del  SATI  es  el  de  la  Metalurgia  de  Transforma 
cidn,  que  abarca  un  sinnGmero  de  problemas:  produccidn  de  aceros  espe- 
ciales,  tratamientos  tdrmicos  de  aceros,  fusidn  y  colada  de  metales  y  alea 
ciones  no-ferrosos,  tratamientos  tdrmicos,  transformacidn  mecdnica  de 
metales  ferrosos#  y  no-ferrosos,  estircdo,  embutido,  corte,  plegado,  etc. 
de  metales  y  aleaciones,  desarroilo  de  aleaciones  especiaies,  metalurgia 
de  polvos,  corrosidn  y  acabado  superficial,  etc. 

Para  la  realizacidn  de  sus  funciones  el  SATI  dispone  del  uso  de  todos  los 
elementos  (laboratories,  mGquinas,  instrumental,  documentacidn,  etc. )  y 
personal  que  integra  el  Departamento  de  Metalurgia  de  la.  CNEA.  Para  te 
ner  una  idea  de  lo  que  constituye  este  acervo  debe  tenerse  en  cuenta  que  en 
la  actualidad  integran  el  Departamento  de  Metalurgia  de  la  CNEA  aproxima 
damente  86  personas  y  que  el  costo  de  los  equipos,  m&quinas  e  instrumen- 
tos  instaiados  asciende  aproximadamente  a  900.000  ddiares. 

Operativamente,  el  funcionamiento  del  SATI  es  muy  simple.  Ante  una  de- 
terminada  consuita,  ofrece  graiuitamente: 

a)  Informacidn  bibliogrdfica  que  facilite  la  orientacidn  del  probiema. 

b)  Evaluacidn  tdcnica  y  econdmica  del  probiema  presentado. 

c)  Informacidn  referente  al  laboratorio.  centro  o  instituto  oficial  o 
privado,  nacional  o  extranjero  que  con  mas  :eleridad,  eficiencia 
y  economfa  podrfa  resolver  el  probiema  planleado. 

Si  la  firma  que  consuita  desea  que  sea  el  SATI  quien  estudie  tl  probiema, 
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6si*:  |»r r  s-'_.  j.  i »  pin.  ‘t  -ih  .fo  y  un  n-  .a  ipu oHtiitnv.Hj.  t*>  •tn^ofi  por 
la  fi'  tnit  euesi  i6r_,  -1  SAIT  -  k|  ».sm  tn  -.-  si  tv.  ..•*•  tvvt 

El  SAT!  ha  reeihido,  a.i.-mis.  h*  vuik,  .  -I  t.s  :s  >r  os  vgo(>s. 

metaluifigtaa  ex.'i;#.i.i^»As  v  nr«;.'i*v*.  v-  co:.-  i  bmmi  <-s  y  b»iv» 

ratorios  simllares  He  los  principles  p.*fs  »  del  mandn. 


Trabajo  reali7ado  en  tres  ailns  y  medio 

En  sua  tree  ailos  y  medio  He  exis'enela.  el  S.VtT  *m  realirad**  a .  •»  i :  •« 

tividad  que  abarca  Areas  muy  diferenf.Hn. 

1.  Consult  as 

Se  han  recibido  y  estudiado  2S’i  co.'-SM  J‘.th  nrovriaie..: ' hh  He  los  »n  •* 
distintos  sectores  de  la  k  fcistrip  m-HHlurgv  a  anr-n.*ivi'!  H  « 
sultado  aJ  SAT1  industrial  pftq'ienas,  *.  R’.  a.  •»  -s  o.i.. 

ticular  el  mayor  nUm^m  de  co.- ov  tvi- j/*  *»•  I*  »»••«<•»  »1  *T  ro 
diana  industria,  pern  en  el  fikimo  -fto  a  .-ov*  u«*;  <  *  ■  •  ;,,JS 

por  parte  de  la  Industrie  denotmn*  u  pv  -  r  <  H  SA'J' 1 

investtgaciones  He  desai.  .  dlo  d"  m-oi  *  ..o  <  largo  I  •  mayor 

parte  de  las  eonsultus  pxovtene  1e  kotos  .‘was  si'.nad  »p  •*!  lira*’ 
Buenos  Aires,  pero  tamhidn  el  SATI  ha  si  te  eOwS'jbado  pot  i'ldus 
trias  del  Interior,  en  particular  (Wvl<*h&,  Ts.'-iil.  H<«  S'*  • 

Francisco  (Cbr),  etc.  En  cua:  V>  **  1  *.  rnH^S'  -  •  .i •  «  •  1 »« 

consultas  se  han  presentado  probl'ovs  U  Ice  mis  v*ri*.i  »s,  ’-sd- 
aqu£llos  cuva  solucidn  exige  -•lcu..*s  pocas  boras  de  trabajo  basr.a 
las  que  han  llevado  meses  e  iarl'W  ®fios  pro”-  so  A«v.  d  p.d  ■  • 

Una  de  las  observaciones  intexesantes  -is  q<»*--  a.l  p  i  o  iw<,  I  -s  r  v.« 
sultas  tfiemcas  eran  de  oarAet*  r  mfts  •riim'iv'i  <!'»■.  «■•*<  I;.  »<•  i  Innnl. 
particularmente  en  el  Ultimo  aiio  se  h  r  not  ado  V»m-  !*««**  «*■  1  -»s  'lo¬ 
se  realizan  al  SATI  son  cads  dfa  de  naturale**  nvs  oomni  i  , 
una  clara  jpdicacidr  quo  1®  ind'tsvir  mst^Mrgica  u\ 

can* undo  un  mayor  grado  de  d^s»«ru'*l!o  ;  .  ^olAgi*.  *  I*  oo-  m  >■> 
ee  e»:  coohiUhs  mils  dlffcihn  v  « ohavirs  <  .s  o  f  -  h»  v •»•.  ••  •  •  or  •»»«*>. 
te  al  comien?.u  del  funcir»*;amio  *■<»  i-.l  SATI. 

2.  Investigaeio/res. «le  desarrollo 

A  oonsecuencia  de  consukas  res  lira*!  as  nor  i-jo'ts  i  -l  S-^t  l 

ha  xealirado  investiganioaes  de  desarmllo  media/'O  »  l-rgo  plu 
zo,  g^ne  r  alme  nte  con  la  cooper  a».:irt:.  *»»-.«>ibmica  He  las  fir  mas  i^V 
res  ad  as  pero  en  algunos  casos  muy  »mpo*i.HU»tiS  finswiad  s  «u 
propio  prHsupuesbj.  Enlre  los  x>r/>v»  v;t.!-s  m‘»  fttere-saft' '*s  •- ■•i.hxa 
dos  p<^i  *-l  .W\  J’(  Mguran' 

•  Desa y  •  '.dl"  n^  i  i  - •  c" i  1  C-  ~7.  ;•■»!■*  I  •  <*>' !•  ..v  o.  *.s l»  «  f  ■  *•.» ■  ■*• 
para  nV'fiiii  •■’ft  I-:  r  *1* Ihi  .  A  <  .'S»*.  i  ,  *;sl i"’, -•.s-.igHci'i.'i,  -s 

Best  Available  Copy 
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ta  iileacidji  hai  sido  manufacturada  en  Amdrica  Latina  por  pi'imera 
vez. 

-Desarrollo  de  la  aleacidn  W-Ag  para  la  fabricacidn  de  platinos  de 
automotores.  A  consecuencia  de  esta  investigacidn,  esta  aleacidn 
ha  sido  manufacturada  en  America  Latina  por  primera  vez. 

-Desarrollo  de  un  nuevo  tipo  de  atmdsfera  protectora  para  el  reco- 
cido  brillante  oe  cobre  y  aleaciones. 

-Desarrollo  de  la  aleacidn  Cu-Si  para  la  fabricacidn  de  filtros  des- 
tinados  a  la  industria  cervecera  y  azucarera.  A  consecuencia  de 
esta  investigacidn,  esta  aleacidn  ha  sido  manufacturada  en  Am6ri 
ca  Latina  por  primera  vez. 

-Desarrollo  de  un  nuevc  tipo  de  refractario  para  la  fabricacidn  de 
crisoles  deotinados  a  la  fundicidn  del  aluminio. 

-Desarrolb  de  'in  nuevo  mdtodo  para  eliminar  la  aceidn  nociva  del 
plomo  en  el  trabajado  en  caliente  del  cobre  y  sus  aleaciones. 

-Desarrollo  de  radiadores  de  aiuminio  para  automotores. 

-Estudio  crftieo  del  proceso  electrolftico  de  galvanoplastfa. 

Asimismo  se  encuentran  en  desarrollo  los  trabajos  para  el  empleo 
de  radio  isdtopos  en  la  medic i6n  del  desgaste  del  refractario  de  alto 
horno,  el  desarrollo  de  evaporadores  de  aluminio  para  re  frige  r  ado  • 
ras  y  mdtodos  para  la  produecion  de  chapas  y  alambre  de  cungsteno 
metdlico. 

Algunos  de  estos  proyectos  fueron  realizados  con  la  cooperacidn 
econdmica  de  industrias  interesadas  en  los  mismos  (Kaiser,  Acin- 
dar,  Tafer,  Facetyt,  Santoni,  etc. ),  pero  otros  fueron  directamen 
te  financiados  por  el  SATI  teniendo  en  cuenta  el  alto  interds  nacio- 
nal  de  los  mismos. 

3.  Entrenamiento 

Una  de  las  mayores  preocupaciones  del  SATI  consiste  en  ayudar  a 
la  industria  a  la  capacitacidn  tdcnica  de  su  personal.  A  tal  efecto 
el  SATI  ha  dictado  en  los  locales  del  Departamento  de  Metalurgia 
de  la  CNEA  seis  cursos  de  perfeccionamiento  tdcnico  para  personal 
de  la  industria,  tanto  al  nivel  tdcnico  como  al  nivel  profesional.  Es 
tos  cursos  han  sido  fundamentalmente  de  Metalograffa  Microscdpica, 
Mdtodos  Modemos  de  Metalograffa,  Deformacidn  PISstica  y  Trahaja 
do  Mecdnico.  A  esos  cursos  asistieron  como  alumnos,  profesiona- 
les  y  tdcnicos  pertenecientes  a  industrias  metaltirgicas  de  Buenos  Ai 
res  y  tambidn  del  interior. 

Al  mismo  tiempo,  y  con  becas  provistas  por  la  Comisidn  Nacional 
de  Energfa  At6mica,  el  SATI  entrend  personal  tdcnico  y  profesional 
que  luego  fud  contratado  por  industrias  metalfirgicas. 

A  travds  de  estos  diversos  programas  el  SATI  ha  brindado  capacita 
ci6n  tdcnica  en  metalurgia  aproximadamente  a  70  personas. 
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4.  Difugjdn 

El  SATI  ha  difuntlido  su  accidn  a  ia  industria  mediante  distintos  md 
todos: 

a)  Visitas  del  personal  del  SATI  a  industrias  metaltirgicas . 

b)  Visitas  de  tdcnicos  do  industrias  metaldrgicas  a  los  laboratories 
del  SATI. 

c)  Seminarios  realizados  periddicamente  invitando  a  los  mismos  a 
personal  caiificado  de  las  industrias  metaldrgicas . 

d)  Publicacidn  periddica  del  Noticiero  SATI  en  la  revista  "Metalur 
gia",  drgano  oficial  de  la  Asociacidn  tie  Industrials  Metaltirgi- 
cos.  Se  han  editado  ya  14  ndmeros  del  citado  noticiero,  que  por 
la  naturaleza  del  drgano  donde  es  pubiicado  llega  directamente  a 
aproximadamente  3. 500  dirigentes  de  la  industria  metaltirgica. 

e)  Presentacidn  de  un  stand  exhibiendo  la  forma  en  que  opera  el 
SATI  para  auxiliar  a  la  industria  en  la  Primera  Exposicidn  de 
la  Mdquina  Herramienta  (marzo-abril  1964). 

El  SATI  ha  probado  ser  un  drgano  sficiente  para  transferir  a  la  in¬ 
dustria  con  buena  velocidad  los  resultados  que  se  obtienen  en  las  in 
vestigaciones  metaldrgicas  bdsicas.  Como  es  bien  sabido,  este 
problema  de  acople  entre  investigacidn  y  realizacidn  industrial  es 
uno  de  los  mds  serios  que  debe  contemplar  cualquier  pafs  en  esta- 
do  de  desarrollo.  Son  numerosas  las  dificultades  que  se  presentan 
para  asegurar  una  eficiente  transferencia.  del  conocimiento  b&sico 
a  la  realizacidn  prdctiea  pero  la  experiencia  del  SATI  muestra  de 
qud  manoi :»  esto  se  puede  hacer  con  eficiencia,  a  un  costo  propor- 
cionado  y  en  un  tiempo  suficientemente  breve  para  asegurar  a  la  in 
dustria  la  mejor  recepcidn  de  los  beneficios  que  resulten  de  la  in¬ 
vestigacidn  bdsica. 

El  SATI  es  una  institucidn  finica  en  su  gdnero  no  sdlo  en  la  Argentina  3ino 
tambidn  en  Amdrica  Latina,  por  lo  que,  si  la  experiencia  del  SATI  results  yerda 
deramente  beneficiosa  para  la  industria  metaldrgica  podrS  servir  como  institu¬ 
cidn  modelo  para  experiencias  analog  as,  sea  en  otros  campos  industriales  dentro 
de  la  misma  Argentina,  sea  en  el  campo  de  la  industria  metaldrgica  en  otros  par¬ 
ses  de  Latinoamdrica. 


Entrenamiento 


Cuando  la  Comision  Naciocal  de  Energfa  Atdmica  cred,  en  1955,  su  Depar 
tamento  de  Metalurgia,  no  existfan  -en  ninguna  universidad  argentina-  carreras  de 
ingenierfa  metaldrgica  o  de  ffsica  metaldrgica,  tampoco  se  dictaban  asignatura^ 
especfficas  de  metalurgia  ffsica  o  de  fisico-qufmica  de  metales,  en  las  carreras 
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de  ingenierfa  ffsica  o  qufmica.  No  debfa  extranar,  entonces,  que  el  niimcro  de 
profesicnales  con  experieneia  raetalurgica  en  el  pafs  fuera  muy  escaso  y  ia  mayo 
rfa  de  ellos  de  formaci6n  cuasi-empfrica.  Por  tales  razones  la  CNEA  dispuso 
que  su  Departamento  de  Metalurgia  realizara  una  intensa  tarea  de  formacidn  de 
personal,  destinada  no  solo  a  jatisfacer  aus  propias  necesidades,  sino  tambidn 
a  ayudar  a  la  elevacidn  t6cniea  de  la  industria  metalurgica  argentina.  Desde  en 
tonces  el  Departamento  de  Metalurgia  de  la  CNEA  ha  sido  el  flnico  centre  docen 
te  para  el  perfeceionamiento  de  graduados  en  Metalurgia,  en  la  Repablica  Argen 
tina.  En  este  aspecto  -formacidn  de  personal-  la  tarea  realizada  ha  sido  la  si- 
guiente; 


a)  Entrenamiento  en  el  pafs 

Han  recibido  entrenamiento  metaldrgico  avanzado  -a  travds  de  curses, 
seminarios  y  trabajos  de  investigacidn-  55  graduados  universitarios,  Ac 
tualmente  reciben  entrenamiento  activo  1J5  graduados  universitarios  con 
becas  concedidas  por  nuestro  Departamento,  por  la  Fundacidn  Ford,  por 
la  Universidad  de  Cdrdoba,  por  la  Universidad  del  Litoral,  por  la  Univer 
sidad  del  Sud,  por  la  Universidad  de  La* Plata,  por  la  Universidad  de  Cu- 
yo  y  por  companfas  privadas  (Acindar,  IKA,  Facetyt,  etc.) 

b)  Entrenamiento  en  el  extranjero 

30  personas  han  sido  enviadas  al  extranjero  para  su  perfeceionamiento  en 
Metalurgia  con  becas  concedidas  por  esta  CNEA,  por  el  Consejo  Nacional 
de  Investigaciones  Cientfficas  y  Tficnicas,  por  la  Fundacidn  Ford,  por  la 
OEA,  por  la  OIEA,  y  por  diversos  gobiernos  extranjeros.  Han  efectuado 
estadfas  de  1-2  anos  en  las  siguientes  instituciones:  Universidad  de  Bir¬ 
mingham  (G.  Bretaiia);  Imperial  College  de  Londres  (G.  Bretaiia);  Max 
Planck  Institut  ftlr  Metallkunde  (Stuttgart,  Alemania);  Mellon  Institute 
poE.UU. );  Ecole  des  Mines  de  Paris  (Francia);  Argonne  National  Labor¬ 
atory  (EE.UU. );  Instituto  de  Pesquisas  Tecnoldgicas  (San  Pablo,  Brasil); 
British  Iron  and  Steel  Research  Association  (Sheffield,  G.  Bretaiia):  Labo- 
ratoire  de  Physique  des  M6taux  de  la  Marine  (Francia);  Laboratories  de 
Investigacidn  de  Bochum  (Alemania);  Facultfi  des  Sciences  (Francia); 
Laboratorio  de  Metalurgia  de  la  Universidad  de  Munich  (Alemania);  Uni¬ 
versidad  de  Illinois  (EE.UTJ.);  Universidad  de  Stanford  (EE.  UU. );  Uni¬ 
versidad  de  Chile;  Universidad  de  Sheffield  (G.  Bretaiia);  Central  Elect  ri 
city  Board  (G.  Bretaiia);  I.R.S.I.D.  (Francia);  Harvard  University  (EE. 
UU), 

c)  Trabajos  de  tesis 

6  tesis  doctorales  han  sido  presentadas  y  aprobadas  con  sobresaliente  ante 
la  Facultad  de  Ciencias  de  la  Universidad  de  Buenos  Aires.  Se  encuentran 
actualmenie  en  preparacidn  5  tesis. 


d 


e 


.  ^r 
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En  el  exterior  se  han  presentado,  v  aprobado,  5  tesis:  en  el  Imperial 
College  de  Londre3;  en  la  Faculty  des  Sciences  de  I'Universite  de  Paris: 
en  la  Universidad  de  Illinois  y  en  el  Max  Planck  Institut  fUr  Mctallkunde. 

d)  Cursos 

El  Departamento  ha  realizado  los  siguienter  cursos  en  Metalurgia: 

"■  Curso  pa ra  graduados  oniversitarios  (Julio  1955-oetubrs  195G). 

Curso  para  graduados  unive rsitario3  (marzo  19i59-junio  1960). 

Curso  para  graduados  unive rsitarios  (en  colaboracidn  con  la  Facul 
tad  de  Ciencias  de  Buenos  Aires,  agosto-noviembre  i960). 

Curso  para  personal  de  ia  industria  (diciembre  I960). 

Curso  para  personal  de  la  industria  (febrero  1961). 

Primer  Curso  Panamericauo  de  Metalurgia  Nuclear  (marzo-diciem 
bre  1982).  As  is  tier  on  graduados  uni  vers  itarios  de  8  pafses  latino- 
americanos. 


Curso  en  el  Instituto  de  Matematicas,  Astron  'a  y  Ffsica  de  la 
Universidad  de  Cdrdoba  (agosto-noviembre  d*  .963). 

Cursos  de  Metalurgia  en  el  Instituto  Tecnoldgico  de  Buenos  Aires 
(Universidad  privada;  aetualmente  en  desarrollo). 


e) 


Colaboracidn  con  universidades  argent. inas 


El  Departamento  de  Mexalurgia  ha  intervenido  activamente  en  la  prepara- 
ci6n  de  programas  y  planes  de  estudio,  instalacidn  de  laboratories  y  dicta 
do  de  cursos  en: 


Iustituto  de  Ffsica  ”Di .  Josd  A.  Balseiro”  (de  la  Universidad  de  Cu 
yo) 

Instituto  de  Matem&ticas,  Astronomfa  y  Ffsica  de  la  Universidad 
de  Cdrdoba. 


Instituto  Tecnoldgico  de  Buenos  Aires. 


El  Departamento  ha  tornado  a  su  cargo  el  dictado  de  cursos  en:  Departa¬ 
mento  de  Graduados  de  la  Facultad  de  Ciencias  (Universidad  de  Buenos  Ai 
res);  Escuela  de  Ingenierfa  MetalGrgica  de  la  Facultad  de  Ingenierfa  (Uni 
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vers  id  ad  de  Buenos  Aires). 


Si  bien  la  mayorfa  de  este  personal  asf  entrenado  integra  actualmente  el 
plantel  de  nuestro  Departamento  de  Metalurgia,  el  resto  ha  pasado  a  des- 
empenarse  en  Umversidades  (Universidad  del  Litoral,  Universidad  del 
Sud,  Universidad  Cat61ica  de  Cdrdoba,  Universidad  de  Cuyo,  Universidad 
de  La  Plata,  Universidad  de  Buenos  Aires)  y  en  la  industria  metaldrgica 
argentina  (Altos  Hornos  Zapla,  ^-urmendi,  CAMEA,  Faeetyt,  Santa  Rosa, 
etc).  Los  egresados  del  Primer  Curso  Panamericano  ocupan  posiciones 
de;?taeadas  en  sus  respeetivos  pafses. 


Personal 


El  plantel  del  Departamento  de  Metalurgia  estS.  actualmente  iutegrado  por 
14  investigadores  principals  (personal  "senior”),  2  investigadores  invitados,  16 
investigadores  (personal  "junior"),  3  asesores,  13  ayudantes,  25  tdcnicos,  5  ad- 
ministracidn  y  oficinistas,  8  obreros  (personal  de  maestranza).  Total:  86  perso 
nas.  Todc  el  personal  se  desempeiia  "full-time". 

En  lo  que  se  refiere  a  becarios,  actualmente  reciben  entrenamiento  15 
graduados  universitarios. 


Instalaciones  del  Departamento  de  Metalurgia 


a)  Edificio  actual 

El  Departamento  de  Metalurgia  ocupa  actualmente  2.  500  m2  de  superficie 
cubierta. 

b)  Equipos,  instrumentos  y  mdquinas 

La  inversion  en  equipos,  instrumentos  y  mfiquinas  instaladas  aseiende  a  un 
total  aproximado  a  los  u$s  900.  000. 

c)  Bibboteca 

El  Departamento  de  Metalurgia  posee  la  bibiioteca  metaldrgica  mSs  com- 
pleta  de  la  Argentina.  Posee  1.482  voldmenes  especfficamente  de  Metalur 
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gia  y  en  ella  se  reciben  regularmente  las  revistas  metaldrgicas  interaa- 
eionales  mas  import  antes. 


V 


PLAN  DE  ACTIVIDADES  DEL 

SERVICIO  DE  ASISTE'NCIA  TECN1CA  A  LA  INDLSTRIA  METALURGICA  (SATi) 


por  O.  Wortman* 


Introduccibn 


El  SATI  fu6  creado  en  enero  de  1961  por  convenio  entre  ia  Asociacibn  de 
Industriales  Metalfirgicos  de  la  Reptiblica  Argentina  y  la  Comisi6n  Nacional  de 
Energfa  Atbmica. 

Los  objetivos  que  llevaron  a  la  entidad  madre  de  la  Industria  Metalbrgica 
y  a  la  Comision  a  suscribir  diehc  Convenio,  est&n  muy  ciaramente  expuestos  en  el 
texto  del  mismo. 


1.  Llegar  a  la  industria  los  conocimientos  modernos  y  nuevas  tbcnicas  que  a 
travbs  de  la  investigacibn  b&sica  y  aplieada  se  han  desarrollado  en  los  fil- 
timos  anos,  produciendo  la  revolucibn  tecnolbgica  que  en  el  campo  de  los 
materiales  estamos  viviendo. 

2.  Facilitar  acceso  a  una  mejor  informacibn  cientffica  para  ayudar  a  la  in¬ 
dustria  a  resolver  sus  problemas  tficnicos  mediatos  e  inmediatos,  crean 
do  uii  organismo  Sgil  de  consulta. 

3.  Servir  como  nticleo  de  entrenamiento  a  fin  de  dotar  al  pafs  de  t6cnicos  e 
ingenieros  con  bases  rigurosas  en  diferentes  aspectos  de  Ingenierfa  Meta 
Kirgica. 


*  Departamento  de  Metalurgia,  Comisidn  Nacional  de  Energfa  Atomica 
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Instalac iones 


£1  SATI  depende  administrativamente  del  Departamento  de  Metalurgia  de 
la  CNEA.  Existe  por  otra  parte  una  estrecha  relacidn  con  la  AIM.  Esta  rela- 
ci6n  se  estabiece  en  la  pr&ctica  a  trav6s  de  un  Delegado  de  la  AIM  que  colabora 
en  el  estudio  de  los  problemas  que  presenta  la  marcha  de  la  organizacidn. 

En  forma  absolutamente  deliberada  se  ha  tratado  de  evitar  en  la  pr&ctica 
que  el  SATI  se  convierta  en  un  grupo  de  trabajo  separado  del  resto  del  Departa¬ 
mento  de  Metalurgia.  Todo  su  personal  participa  activamente  de  las  tareas  que 
desarrolla  el  resto  del  Departamento.  A  travds  deseminarios  conjuntos,  e  inter 
cambiando  personal  con  los  grupos  de  investigaci6n  b&sica  y  aplicada,  se  ha  con 
seguido  un  sistema,  mediante  el  cual  los  conocimientos  de  todo  el  '‘staff"  pueden 
ser  canalizados  a  fin  de  obtener  un  rfipido  aprovechamiento. 

Esto  flexibiliza  enormemente  el  uso  de  equipos  de  suma  complejidad  au- 
mentando  el  rendimiento  de  las  tareas  de  consulta. 

El  SATI  tiene  inmediato  acceso  a  servicios  del  Departamento  de  Metalur¬ 
gia  como  ser  el  de  Difracci6n  de  Rayos  X,  Metalograffa,  Instrumental,  Ensayos 
no  Destructivos,  asf  como  Servicios  Centrales  de  CNEA,  sus  talleres  generates, 
Laboratorio  de  Electrdnica  de  CNEA,  etc. 


Aspectos  de  labor  del  SATI 


Dadas  las  caracterlsticas  especiales  del  funcionamiento  de  este  Seivicio 
se  le  ha  dado  el  m&ximo  de  elasticidad  en  su  organizaeidn,  y  en  el  enfoque  de  los 
problemas  tdcnicos.  En  lo  posible  se  trata  de  evitar  la  duplicacidn  de  tareas  con 
otros  institutos  existentes  en  la  Repdblica.  Asf  es  que  el  SATI  evita  realizar  ta¬ 
reas  tales  como:  Ensayos  Ffsicos,  MecSnicos,  Metalogrdficos,  Qufmicos,  etc. 
sobre  bases  de  rutina  porque  considera  que  existen  otros  laboratories  en  el  pafs 
que  pueden  realizar  eficazmente  esa  tarea. 

En  cambio,  se  pone  particular  dnfasls  en  trabajos  de  desarrollo  que  incor 
poren  productos ,  nuevas  tdcnicas  de  manufactura,  nuevos  procesos,  nuevos  meta 
les  y  aleaciones,  en  sfntesis  todo  aquello  que  represente  un  avance  tecnol6gico  pa 
ra  la  industria  metaldrgica  de  transformacidn  en  la  Argentina. 

El  SATI  es  un  organismo  de  asistencia  tdcnica  con  un  mecanismo  de  opera 
cl5n  muy  simple. 
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Ante  la  consults,  realizada  por  el  industrial,  se  hace  una  evaluacibn  r&pida 
del  problema  y  en  caso  de  ser  aceptado  el  presupuesto  establecido,  se  comienzan 
los  trabajos. 

En  el  perfodo  que  ya  lleva  de  funcionaxniento,  nos  hemos  dado  cuenta  que 
este  tipo  de  asesoramiento  a  la  industria  si  bien  es  muy  efectivo,  no  es  suficiente. 
Es  necesario  ilegar  hasta  la  planta  con  nuevos  conocimientos  y  nuevas  tbcnicas,  a 
travbs  del  mismo  personal  especializado  de  la  f&brica. 

Asf,  desde  el  ano  1961  se  han  organizado  cursos  para  personal  especializa 
do  de  la  industria,  entre  ellos  citaremos  el  de  Tbcnicas  Modernas  de  Metalograffa 
en  los  cuales  los  laboratoristas  aprenden  tbcnicas  corao  pulido  °lectrolftico,  mbto 
do  del  tampbn,  metalograffa  con  extraccibn  de  rdplicas,  capas  epitbxicas,  figuras 
de  corrosi6n,  interferometrfa,  etc. 

Se  encara  en  la  actualidad,  por  ejemplo,  un  curso  de  Deformacibn  Plbstica 
y  Trabajado  de  Metales  y  otro  curso  de  Metalograffa,  En  el  ario  1965  se  proyecta 
la  repeticibn  de  algunos  cursos  anteriores,  cursos  de  Tbcnicas  Modernas  de  So  Ida 
dura  con  el  fin  de  difundir  nuevos  procesos  corao  Soldadura  Sigma  de  arco  roto,  sol 
dadura  electrolftica,  soldadura  por  pres ibn  y  tdcnicas  de  colaminacibn  que  pueden 
ser  de  multiples  aplicaciones  industriales. 


Entreramiento  y  Becas 


Es  preocupacibn  constante  tratar  de  crear  las  condiciones  para  que  se  for 
me  personal  tbcnico  en  varios  niveles,  con  buen  entrenamiento  melaltirgico. 

Desde  el  ano  1961  el  SATI  ofrece  becas  para  tbcnicos  egresados  de  escue- 
las  secundarias  de  la  Nacibn.  Lo  mismo  para  estudiantes  universitarios  y  egresa 
dos  que  deseen  completar  su  nivel  de  conocimientos  en  la  materia.  Contamos  pa¬ 
ra  esta  tarea  con  fondos  propios  de  la  CNEA,  de  la  AIM,  de  la  Fundacibn  Ford  y 
de  algunas  industrias  que  convinieron  durante  el  desarrollo  de  trabajos,  la  finan- 
ciacibn  de  un  becario  que  puede  o  nb  posteriormente  ser  empleado  por  la  firma 
que  costeb  su  entrenamiento. 

Estas  becas  son  complementadas,  en  algunos  casos,  con  estudios  en  el  ex 
terior  a  fin  de  capacitar  en  una  especialidad  o  completar  la  formacibn  cientffica. 

Las  becas  externas  no  son  dnicamente  para  graduados  universitarios.  Son 
utilizadas  tambibn  para  tbcnicos. 


V-4 


El  hecho  de  que  los  lugares  en  los  que  estas  becas  se  han  desarrollado  eB 
tan  distribufdos  por  diferentes  pafses  de  Europa  y  Estados  Unidos,  ha  permitido 
que  gente  con  preparacidn  muy  distinta  integre  de  una  manera  u  otra  el  plantel  del 
SATI,  aportando  enfoques  muy  variados  para  la  solucidn  de  problemas  t^cnicos. 


Ejemplos  de  la  labor  desarrollada  por  el  SATI  como 
organismo  de  consulta  y  asistencia  tScnica 


Desde  su  creacldn  el  SATI  ha  asesorado  m&s  de  350  trabajos.  El  panora¬ 
ma  de  los  mismos  es  amplfsimo. 

Es  diffcil  clasificar  en  forma  orgfinica  los  distintos  problemas  analizados. 
*4  Un  intento  podrfa  ser  el  siguiente: 


1.  Anaiisis  de  fallas  en  piezas. 

2.  Diagndstico  de  dificultades  de  manufactura. 

3.  Aplicacidn  de  nuevas  tdcnicas. 

4.  Desarrollo  de  nuevos  productos  sobre  pedido. 

5.  Desarrollo  de  nuevos  productos  previendo  necesidades  industriales. 


Ejemplos  de  trabajos  realizados  por  el  SATI  en  las  categorfas  4.  y  5.  se 
discutir&n  en  otra  sesidn  de  esta  Conferencia;  por  ejemplo:  Hefinacidn  de  scrap 
de  Cu  y  desarrollo  de  electrodos  de  Cu-Zr. 

Dentro  de  las  otras  clases  de  trabajos  realizados,  eitaremos  algunos  que 
consideramos  pueden  ser  una  muestra  significativa  del  tipo  de  tareas  que  se  enca- 
ran: 


1.  Metalograffa  "in  situ"  de  una  caldera  marina; 

2.  Fisuras  en  lingotes  de  acero  colado; 

3.  Causa  de  rotura  de  la  soldadur3  de  un  tanque  de  fermentacidn; 
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4.  Rotura  de  aiambre  cincado  durante  ei  trenlado; 

5.  Polvillo  y  empastamiento  en  el  trabajado  de  latdn  63-67  para  cierres  auto 
m&ticos; 

6.  Estudio  de  las  causas  de  engrane  en  robinetes  para  gas; 

7.  Causa  de  rotura  de  un  latdn  60-40  con  Pb  durante  su  laminacidn  en  caliente; 

8.  Soldadura  metal-cer&mica; 

9.  Pulido  especular  de  aluminio; 

10.  Templado  de  machos  para  roscas; 

11.  Roturas  de  eldsticos  para  camiones; 

12.  Fosfatizante  a  base  de  manganeso;  etc. 


Un  aspecto  importante  de  nuestra  tarea  es  eonvertir  al  SATI  en  un  organis 
mo  que  sirva  como  nexo  agil  con  entidades  de  asistencia  tdenica  similares  en  ios 
paises  mds  adelantados .  De  esta  manera,  el  problema  se  remite  a  quien  pueda  re 
solverlo  en  el  extranjero. 

Existen  en  el  presents  8  eonsultores  particulares :  5  en  los  Estados  Unidos 
y  3  en  Europa,  con  quienes  mantenemos  estrecho  contacto.  El  campo  de  aetividad 
de  estos  eonsultores  es  muy  variado,  por  ejemplo: 

trabajado  de  metales: 
deformacidn  plastic  a; 
fundi  cidn  de  hierro  y  aceros; 
soldadura; 
puivimetalurgia; 
fundici6n  de  no  ferrosos. 


D  if  u  s  idn 


El  SATI  estS.  empenado  en  una  intensa  campana  de  difus^dn  de  manera  que 
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sus  posibilidades  sean  conocidas  por  los  industriales.  Esta  campafla  se  intensify 
card  durante  el  transcurso  del  aflo  1965,  dado  que  el  Servicio  se  ha  asentado  lo 
suficiente  como  para  aumentar  su  pendiente  de  crecimiento. 

Hastael  presente  se  ha  realizado  una  campafla  que  se  puede  titular  de  ins- 
titucionalizacidn  del  SATI,  a  trav6s  de  folletos,  publicando  un  nof<ciero  periddico 
en  la  revista  del  AIM,  visitas  a  fdbrlcas,  presentacidn  de  stands  informativos  en 
exposiciones  internacjonales,  etc. 

El  objeto  de  esta  campafla  es  hacer  comprender  tanto  a  la  industria  peque 
fla  como  a  la  grande,  que  la  investigacidn  es  necesaria: 

1.  para  mejorar  sus  productos, 

2.  para  crear  otros  nuevos, 
convenciendo  que: 

a)  la  investigacidn  no  es  un  lujo  que  se  pueden  dar  ios  pafses  muy  desarrolla 

dos.  sino  una  necesidad  bien  inmediata  que  se  tiene  para  competir  en  un 

mercado  que  cada  vez  exige  mfls  calidad  y  menor  precio; 

b)  que  el  pals  cuenta  con  recursos  humanos  y  equipos  para  hacer  investiga- 

cifin  metaldrgica  de  nivel  aceptable. 

Esta  tarea  educativa,  se  hace  como  hemos  dicho  a  travds  de  distintos  6r- 
ganos  de  difusidn  y  a  travds  del  contacto  diario  con  los  industriales  que  traen  pro 
blemas  al  Servicio. 

Citaremos  un  ejemplo,  en  todos  los  casos  los  trabajos  se  cobran  segdn  su 
importancia,  pero  siempre  con  tarifas  que  son  de  fomento. 

Adn  asf,  el  industrial  es  reticente  a  pagar.  La  razdn  es  inmediata. 

En  la  mayorfa  de  los  casos  y  m&s  adn  en  el  caso  de  trabajos  de  desarrolio, 
el  industrial  estd  arriesgando  una  suma  de  dinerc  por  un  resultado  aieatorio. 

Si  el  laboratorio  puede  "garantizar"  un  resultado  positivo,  entonces  no  hay 
inconveniente  en  pagar  una  suma  elevada,  pero  ante  la  chance  de  investigar  algo 
que  no  le  traiga  un  beneficio  inmediato,  la  reticencia  es  manifiesta. 

Parte  de  la  misidn  educativa  es  enseflar  a  evaluar  el  riesgo  y  mostrar  el 
beneficio  posible  si  el  trabajo  resulta  exitoso. 

Esta  conducta  a  poco  que  se  analice  es  muy  explicable.  La  Argentina  no 
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tiene  tradicidn  en  Investigaci6n  Metalfirgica.  No  hay  hecha  una  discipiina  del  tiem 
po,  la  constancia  y  los  conoclmientos  que  requiere  el  poseer  un  "know  how". 

Nuestra  tarea  aquf  es  tratar  de  cambiar  estas  ideas  de  manera  de  elevar 
el  nivel  de  la  indust ria  Metalfirgica  y  con  eila  del  pafs. 
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BREVE  RESEDA  DE 


LA  INVESTIGACION  METALURGICA  EN  CHILE 


por  David  Fuller 


Para  empezar  quisiera  yo,  a  peticidn  de  aigunos  de  los  organizadores,  ha 
cer  primero  una  pequeha  resefia  del  estado  de  la  investigacidn  metaldrgica  on  Chi 
le.  Realmente  para  desarrollar  este  tetna  no  venfa  preparado,  pero  la  visidn  ge¬ 
neral  del  pafs  la  tengo  mds  o  menos  clara  y  podrfa  hacer  una  sfntesls . 

La  investigacidn  metaldrgica  en  Chile  se  realiza  casi  exclusivamente  en 
las  Universidades,  y  las  Universidades  que  hasta  estc  momento  estdn  desarroilan 
do  este  tipo  d5  investigacidn  son  en  orden  decreciente:  primero,  la  Universidad 
de  Concepcidu  en  la  cual  la  investigacidn  metaldrgica  ya  lleva  unos  15  aiios.  Fu6 
iniciada  por  un  profesor  francds  en  el  afio  1946  o  1947,  a  mf  me  toc6  trabajar  con 
61  y  he  trabajado  en  Coneepci6n  hasta  hace  2  meses  alrds,  cuando  me  trasladd  a 
Santiago,  a  la  Lxiiversidad  Catdlica.  El  segundo  ndcleo  de  investigacidn  metaldr 
gica  se  encuentra  en  la  Universidad  Catdlica,  en  Santiago,  y  el  tercer  ndcleo  en 
la  Universidad  de  Chile,  en  el  llamado  Institute  de  Jnvestigaciones  y  Ensayo  de 
Materiales  de  Santiago. 

Las  restantes  universidades,  la  Universidad  de  Sta.  Marfa,  en  Valparaiso, 
estd  comenzando  en  estos  momentos  la  investigacifin  metaldrgica  dedic&ndose 
mSs  bien  a  la  solucidn  de  problemas  especfficos  que  la  industria  metaldrgica  le 
plantea  tales  como  control  de  calidad  y  ensayos  no  dsstructivos. 

Finalmente  la  Universidad  Tdcnica  dei  Estado  que  otorga  los  grados  de 
tdenicos  y  posteriormente  de  ingenieros  metaldrgicos,  estS.  en  estos  momentos 
iniciando  la  instalacidn  de  laboratories  de  metalurgia,  ffsica  y  qufmica.  Los  la 
boratorios  que  tiene  la  Universidad  T6cnica  del  Estado  son  mds  bien  para  la  en- 
senanza  tdcnica,  de  tdcnicos  metaldrgicos.  Sus  laboratories  estSn  equipados  pa 
ra  realizar  estudios  de  arenas  de  fundicidn  y  de  fundicidn  en  general,  cubilotes, 
hornos  eldctricos,  hornos  rotatorios,  etc. 

Las  investigaciones  sistemdticas  han  sido  realizadas  en  Chile  en  tres 
puntos  principals:  Concepcidn,  la  Universidad  Catdlica  de  Santiago,  y  la  Uni¬ 
versidad  de  Chile,  en  Santiago.  En  esta  dltima  se  desempefia  el  Ing.  Jtoifcn&r 

a  quien  han  conocido  muchos  de  Uds. ,  y  que  en  la  actualidad  se  encuen 
tra  en  los  EE.  UU.  ha  hecho  estudios  relativos  a  la  normalizacidn  de 

arenas  de  £undici6n  y  estudios  de  ffsica  de  sdlidos. 
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En  Concepcidn  $e  han  realizado  estudios  relativos  a  ffsica  de  sdlidos  du¬ 
rante  muchos  aflos  y  en  los  dltimos  5  aftos  mds  o  menos,  se  ha  orientado  la  inves 
tigaeidn  hacia  el  camoo  tecnoldgico.  En  este  campo  se  han  inclufdo:  aprovecha- 
miento  de  materias  primas  nacionales  como  ser  sulfuros  metdlicos,  sulfuros  de 
hierros,  sulfuro  de  zinc,  sulfuro  de  plomo,  tratando  de  idear  nuevos  procesos 
que  sean  aplicables  teniendo  en  cuenta  los  recursos  naturales  chilenos.  Eata  in¬ 
vestigacidn  lleva  ya  6  aiios,  y  surgid  como  consecuencia  de  que  Chile  tenfa  como 
sub-productos  de  la  industria  del  cobre  una  cantidad  fabuiosa  de  sulfuro  de  hierro, 
substancia  que  era  elimin'.-.da,  y  adn  asf  debfa  ser  transportada.  La  produccidn  de 
sulfuro  de  hierro  en  Chile  debe  ser  del  orden  de  unas  600  a  800  tons  diarias,  de  la 
cual  la  mitad  es  hierro  y  la  mitad  es  azufre.  Este  ya  es  un  problema  francamente 
que  hubo  que  solucionar,  puesto  que  era  una  fuente  tanto  de  hierro  como  de  azufre. 
Por  ello,  nacid  en  Concepcidn  la  idea  de  estudiar  la  descomposicidn  tdrmica,  no 
la  oxidacidn  de  los  sulfuros  metdlicos  con  el  objcto  de  producir  hierro  metdlico  y 
azufre. 


La  misma  tdcnica  la  hemos  aplicado  tambidn  a  los  minerales  de  zinc  y  de 
plomo.  La  primera  publicacidn  referente  a  la  descomposicidn  tdrmica  de  suifu- 
ros  de  zinc  y  plomo  fud  presentada  hacs  unos  4  meses  en  Lima,  en  el  Congreso 
Interamsricano  de  Ingenierfa  Qufmica. 

Otro  tema  abordado  en  Concepcidn  ha  sido  el  de  tratamientos  tdrmicos  de 
aceros,  seguramente  un  tema  que  se  considera  prdcticamente  agotado,  pero  es 
probable  que  haya  todavfa  algunos  resquicios  que  no  han  sido  suficientementc  ex- 
plctados . 

Tambidn  se  ha  abordado  en  Concepcidn  el  estudio  de  la  soldadura  de  ace¬ 
ros.  Se  ha  encarado  tambidn  algunos  temas  relativos  a  metalurgia  de  pol.os,  a 
zonas  fundidas,  m5s  como  ensayos  espeefficos  que  como  1  file  as  de  investigacidn. 
a  largo  alcance. 

En  la  Universidad  Catdlica  de  Santiago,  en  la  actualidad  me  ha  tocado  a 
mf  modificar  la  lfnea  de  investigacidn  que  existia,  ya  que  creo  que  las  lfneas  de 
investigacidn  son  mds  bien  de  una  persona  que  de  una  Universidad.  Esta  ha  sido 
la  razdn  que  me  ha  inducido  a  mf  a  parcializar  pr&cticamente  la  investigacidn  de 
jando  una  parte  en  Concepcidn  y  otra  parte  en  Santiago. 

Elio  me  ha  llevado  a  iniciar  en  Santiago,  temas  tales  como  aprovecha- 
miento  de  sulfuros  met&licos  y  tratamientos  tdrmicos.  l  as  investigaciones  que 
se  realizaban  normalmente  en  Santiago,  los  temas  que  s&  estudiaban  en  la  Uni¬ 
versidad  Catdlica  de  Santiago,  eran  fundamentalmente  fundicidn  en  cubilote.  En 
los  (iltimos  tres  afios  se  ha  hecho  un  estudio  pr&cticamente  exhaustive  del  estado 
en  que  la  industria  chilena  se  encuentra  desde  el  punto  de  vista  de  fundicidn  en 
cubilote.  Se  est&  en  estos  momentos  elaborando  el  informe  final  relativo  a  este 
estudio  el  cual  serd  entonces  una  estadfstica  impersonal  del  estado  actual  de  ope 
racidn  de  cubilotes  en  Chile, 
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Se  han  encontradc  corao  consecuencia  verdaderas  sorpresas  ya  que  operan 
en  Chile  cubilotes  que  son  pricticamente  extraordinarios  por  sus  dimensiones. 
Come  cjemplc  pedrd  citar  un  eufcilote  que  tiene  eeroa  de  2  mts  de  aiameiro  y  1. 20 
metro  de  altura  y  opera  como  otro  de  dimensiones  normales.  Dentro  de  poco  se 
dard  a  conocer  entonces  el  informe  final  de  todo  este  estudio  de  cubilotes. 


Tambidn  se  ha  estudiado  en  la  Universidad  Catdlica  de  Santiago  lo  relativo 
a  soldadura  de  aceros,  soldaduras  tanto  por  arco  como  soldadura  con  gas  licuado. 
Chile  produce  en  la  actualidad  cantidades  muy  grandes  de  gas  licuado  y  se  ha  estu 
diado  entonces  su  aplicaci6n  tanto  en  soldadura  como  en  corte  de  metales.  El  Glti 
mo  proceso  que  estd.  en  estudio  en  Santiago  es  el  de  estampado,  tratando  de  obte- 
nerse  ciertos  ensayos  standardizados  para  poder  aquilatar  la  estampabiiidad  de 
materiaies  metdlicos. 

En  estos  mementos  se  ha  iniciado  en  la  Universidad  Catdlica  una  nueva  If 
nea  de  investigacidn  que  es  la  de  reducci6n  de  minerales  de  hierro.  Estamos  ins 
talando  actualmente  un  pequefio  reactor  que  nos  permitirS.  comenzar  a  hacer  ensa 
yos  standardizados  de  reduccidn  de  minerales  chilenos  que  se  exportan  en  cantida 
des  bastante  apreciables,  del  orden  de  unos  6  millones  de  tons  anualmente. 

La  industria  metalfirgica  ya  exige  ensayos  de  reducibilidad  de  minerales, 
por  esta  razdn  vamos  a  iniciar  un  estudio  sistemdtico  de  los  minerales  chiienos 
en  cuanto  a  su  posibilidad  de  reduccidn. 
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SOME  REMARKS  ON  THE  PHYSICAL  METALLURGY 
OF  IRON  AND  STEEL 


by  H.W.  Paxton 


In  the  last  ten  years  or  so,  the  physical  metallurgy  of  iron  and  steel  has 
made  tremendous  strides .  Not  only  have  the  maximum  usable  yield  and  tensile 
strengths  in  a  variety  of  steels  been  increased  by  a  factor  of  about  two,  but  'se 
necessity  of  having  adequate  ductility  and  toughness  at  these  strength  levels  has 
been  clearly  recognized  and  achieved  in  part. 

At  the  other  extreme,  steels  intended  primarily  for  pressing,  stamping, 
drawing,  etc.  have  been  substantially  improved  in  terms  of  reproducible  quality 
at  a  very  competitive  cost.  Much  more  is  understood  about  the  production  of 
highly  oriented  steels  for  magnetic  purposes,  culminating  in  the  famous  cube 
texture  in  silicon  steel.  In  the  high  alloy  field,  several  interesting  developments 
have  arisen,  notably  the  precipitation  hardening  stainless  steels  and  the  family 
of  hardenable  iron  nickel  martensites  known  as  maraging  steels.  Modification  of 
the  defect  structure  of  austenite  or  martensite,  prior  to,  during,  or  after  trans¬ 
formation  has  enabled  unusually  favorable  combinations  of  properties  to  be 
achieved. 

It  is  clear  that  any  attempt  to  present  these  advances  exhaustively  in  detail 
would  require  a  substantial  book,  which  is  not  the  aim  of  this  conference.  Rather, 
in  an  attempt  to  present  some  of  the  ideas  developed,  it  seems  better  to  deal  with 
a  few  central  topics  in  a  general  way.  The  selection  of  these  topics  must  be  to 
some  extent  arbitrary  and  subjective,  but  the  author  hopes  that  at  least  some  of 
them  may  be  of  interest  to  various  people  in  the  audience.  Recent  reviews  have 
been  used  frequently  aa  references  to  avoid  duplication. 
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OxrcinmQ 


It  seemed  wise  to  begin  with  a  review  of  the  thermodynamics  of  iron-base 
,  although  most  structures  with  desirable  properties  are  very  mark 


edly  not  in  equilibrium,  the  equilibrium  situations  involved  must  be  known  before 
we  may  have  confidence  in  our  knowledge.  To  the  extent  possible,  an  atomistic 
appn  has  been  utilized. 


This  section  is  followed  by  a  study  of  the  nucleation  and  diffusion-control¬ 
led  growthkinetics  of  phases  in  steels  involving  both  austenite  formation  and  trans 
formation. 


Three  sections  follow  on  major  phases  in  steels,  austenite,  ferrite,  and 
martensite,  with  some  illustrative  examples  of  various  properties.  The  aggre¬ 
gate  phases  such  as  pearlite  and  bainite,  and  the  products  of  eutectic  decompos 
ition  have  been  neglected  not  because  their  importance  is  slight,  but  to  maintain 
the  paper  to  a  reasonable  length. 

Finally  some  suggestions,  are  made  as  to  interesting  areas  of  research 
which  may  also  be  profitable. 


In  any  discussion  of  the  phases  present  in  steel,  which  are  often  non-equi 
librium,  it  is  obviously  essential  to  have  a  clear  grasp  of  the  equilibrium  situation 
under  a  given  set  of  conditions.  Fortunately,  because  of  this  importance,  thermo¬ 
dynamic  data  on  iron-base  systems  are  more  plentiful  than  on  most  other  metallic 
systems.  These  data  however,  unfortunately  are,  far  from  exhaustive,  but  they  do 
enable  us  to  set  up  some  tentative  models  which  can  be  checked  against  experiment 
before  being  extrapolated  into  areas  where  measurements  are  esperimentally  dif¬ 
ficult  or  impossible. 

We  shall  ignore  the  data  on  iron-base  liquid  solutions  and  concentrate  only 
on  data  on  solids .  It  is  convenient  to  classify  the  information  into  four  categories 
of  decreasing  certainty. 


1.  Pure  iron  -  the  existence  of  more  than  one  type  of  crystal  structure 
in  various  ranges  of  temperature  (T)  and  pressure  (p). 

2.  Interstitial  alloys  of  iron  ~  the  affects  of  interstitials  on  the  re  la 
tive  free  energies  of  ferrite  (ot),  austenite  (^)  and  various  com¬ 
pounds  as  a  function  of  T  and  p. 


3.  Substitutional  alloys  of  iron  -  the  effects  on  relative  free  energies 
of  c  f  and  y  as  a  function  of  T  and  p. 

%  4.  Complex  situations  -  ternary  and  higher  order  systems  involving 
both  single  phase  and  multiphase  areas  based  on  and  % ,  and  the 
interactions  of  these  with  intermetallic  compounds. 


In  this  section  we  shall  assume  that  imperfections  other  than  point  defects 
in  thermal  equilibrium  are  absent.  Line  and  surface  imperfections  can  of  course 
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also  influence  the  local  mermodynamics;  some  examples  of  this  will  be  given  later. 


1 .  Thermodynamics  of  Pure  Iron 


For  any  substance  at  temperature  1 ,  we  may  write  the  Gibbs'  molar  free 

<.  norgy 


Grp  Ht  -  TSt  (1) 

where  is  the  molar  enthalpy  and  S,p  is  the  molar  entropy.  More  explicitly 

T  T 

GT  -  E0+PV^C  dT-TpdT  (2) 

6  o  T 

where  EQ  is  the  energy  of  vaporization  at  0°K, 

V  is  the  molar  volume, 

Cp  is  the  molar  specific  beat  at  constant  pressure. 

It  is  clear  that,  if  we  know  EQ  and  C  for  all  possible  crystal  structures 
of  iron,  we  can  evaluate  G-p  from  Equation  2.  Since  EQ  is  not  calculable  with  the 
required  degree  of  precision  ,  it  must  either  be  determined  from  the  heat  of  vapor 
i/.ation  at  0°K  or  calculated  from  auxiliary  data.  This  latter  can  be  done  for  the 
r  (bcc)  or  t  (fee)  phases  or  iron.  We  know  from  experiment  that  Goc  --  G  Jfat  1183°K 
(Ag)  and  1673°K  (Aq),  and,  in  addition,  C^is  known  quite  accurately.  It  remains 
to  evaluate  C&  (T)  and  work  backward  from  high  temperatures  down  to  0°K,  paying 
attention  to  ensuring  correct  enthalpies  and  entropies  of  transformation  at  Ag  and 
A^.  This  procedure  was  originally  followed  by  Darken  and  Smith(^)  and  modified 
by  Weiss  and  Tauer^2)  and  Kaufman,  Clougherty  and  Weiss(^)  to  take  into  account 
the  antiferromagnetism  of  .*  -  iron  below  80°K. 

The  quantitative  validity  of  this  approach  has  been  questioned  by  Anderson 
and  Hultgren^4)  who  point  out  the  difficulty  in  obtaining  a  satisfactory  value  for  Cp 
even  its  range  of  stability,  and  thus  the  dangers  in  long  extrapolation  are  serious. 
They  estimate  that  extrapolated  heat  contents  could  differ  by  as  much  as  700  cal/ 
mol  at  room  temperature.  Granting  their  point,  we  still  feel  it  is  useful  to  outline 
the  qualitative  ideas  of  stability  of  <t~  and  iron  with  a  view  to  trying  to  understand 
the  various  kinds  of  transformations  and  behavior,  and  leave  the  quantitative  work 
to  bo  carried  out  when  a  method  satisfactory  to  all  can  be  devised. 


- 
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We  note  that  the  specific  heat  of  a  monatomic  solid  is  normally  made  up  of 
three  contributions: 


given  by 


(1)  The  lattice  specific  heat  of  which  on  the  Debye  theory  is 


ci=  9  N  k (  T  V 

P  °\%i 


x  4 
e  x 

.  x  ..2 
(e  -1) 


where  x 


=  hV,  xm  =  w  max 


and  (the  Debye  temperature)  =  max 

k 

^max  is  the  maximum  frequency  of  lattice  vibrations.  C$  tends  to  3R  cal/mol/°C 
at  high  temperatures  and  approaches  0°K  approximately  as  T^.  In  constant  pres¬ 
sure  work,  we  use  C^,  which  can  be  shown  thermodynamically  to  be 

Ct  =  c£  +*2  VT 

p  v  v  -jjp- 

=  cl  (1  T) 


where 


and  ]f *  =  «v  ^ 

CY  f 


=Gruneisenfe  constant. 


is  assumed  to  be  independent  of  temperature.  c|  will  thus  rise  some¬ 
what  above  3R  and  is  approximately  linear  with  temperature  above  about  2  0^. 

(2)  The  electronic  specific  heat  C|p  which  arises  from  the  possibility 
of  electrons  near  the  Fermi  surface  being  capable  of  excitation  into  higher  energy 
states.  The  magnitude  will  depend  on  the  density  of  states  at  the  Fermi  level,  and 
for  most  purposes  may  be  represented  by 

=  f*  T  where^  is  a  constant 

For  transition  metals,  r  is  quite  high,  e.g. ,  for  J?  iron  =  8  x  10“4  c.g.s. 
units;  fora  iron  =  12  x  10“4.  For  Cu  and  Ag,  f*  -1.5x  10*4.  This  term  is  then 
potentially  significant  at  high  temperatures  for  transition  metals. 
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(3)  The  magnetic  specific  heat  C^1^,  which  will  depend  on  the  mag¬ 
netic  moment  per  atom  ^b*  Without  going  into  a  detailed  discussion  of  magnetic 
phenomena,  we  observe  that  the  origin  of  ferro,  antiferro-  and  paramagnetism 
lies  in  the  spin  of  the  electrons  rather  than  their  orbital  motions.  In  ferro-  and 
antiferro-  magnetic  materials,  the  occupation  of  the  various  spin  quantum  states 
is  a  function  of  temperature  and  is  reflected,  for  example,  ip  the  case  of  iron  in 
the  curve  of  saturation  magnetization  versus  temperature.  The  situation  at  0°K 
involves  perfectly  ordered  spins.  At  temperature  above  OOK,  the  system  can  lower 
its  free  energy  by  disordering  some  spins,  thereby  increasing  its  entropy,  but  at 
the  expense  of  increasing  its  potential  energy  (through  the  exchange  integral^)) 
and  hence  its  enthalpy. 

A  minimum  in  the  free  energy  curve  is  reached  at  some  value  of  the  dis¬ 
order  (which  depends  on  T  even  though  H  and  S  are  virtually  independent  of  T). 
Thus,  in  order  to  raise  the  temperature  of  a  ferromagnetic  material,  energy 
must  be  provided  to  de-couple  the  spins;  hence  a  (yj)pag~  Cp1^  term  arises. 

In  the  case  of  iron  where  the  enthalpy  difference  between  ferromagnetic  and  para 
magnetic  cc  iron  at  0°K  is  2086  cal/mol(^),  the  specific  heat  term  can  be  subslant 
ial.  Since  the  bulk  of  the  change  in  magnetization  occurs  between  0.8  Tcghd-Tr>  n 
Curie  temperature),  it  is  seen  in  this  range  that  very  large  specific  heats  are  ob¬ 
served.  For  antiferromagnetic  substances  in  which,  because  of  a  change  in  sign 
of  the  exchange  integral,  below  the  N6el  temperature  the  spins  on  neighboi  ing 
atoms  tend  to  lie  antiparallel  (rather  than  parallel  as  in  ferromagnetics),  much 
the  same  situation  arises  as  the  temperature  increases  and  disorder  progresses 
although  the  magnitude  of  the  changes  in  Cp  is  less  because  the  magnetic  moments/ 
atom  are  normally  less.  Thus  y-iron  which  is  antiferromagnetic  below  80°K  will 
have  a  specific  heat  peak  at  this  temperature  and  must  be  allowed  for  in  estimat¬ 
ing  C  (T)  (cf.  Weiss  and  Tauerf2)  versus  Darken  and  Smith(1).  Thus  the  com¬ 
plete  curves  of  (T)  and  Cp  (T)  are,  for  each  phase,  the  sum  of 

Cp<  *  cA  *  craag 

and  are  correspondingly  complicated.  It  will  be  observed  if  a  division  is  made  into 
magnetic  and  non-magretic  components  (C^  +  cj$),  this  is  helpful  in  visualizing 
the  relative  importance  of  each  at  various  temperatures,  as  shown  in  Fig.  1  from 
Weiss  and  Tauer(2).  Here 

T  T 

(G <x  - G  -E&)  +  \  ,C*-C^  dT-T  \Cd_Cd  dT 

1  •'non  mag  '  o  ornon  mag  )  '  p  p'non  mag  )  F.-Pnon  mag 

o  o  1 


and  (G^  ~G)mag,  defined  similarly,  are  plotted  as  a  function  of  temperature  and 
show  several  interesting  points. 


For  these  curves 
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(Gf)  =  0  ^arbitrary  standard) 

v  o'  non  mag  •  J  7 


mag 


^o'^non  mag 


-RTca  =  -2086  cal/mol 

-RT#  =  -160  cal/mol 

N 

-130  cal/mol  (by  matching  free 
energies  at  transition  points) 


We  observe  then: 


(i)  )f  iron  would  be  stable  at  all  temperatures  if  magneto 
phenomena  were  absent. 

(ii)  the  range  of  stability  of  3T  iron  is  caused  by  a  very  deli¬ 
cate  balance  between  two  relatively  large  contributions. 
In  iron,  the  maximum  value  of  (G«~Gy)  is  about  16  cal/ 
mol;  we  should  thus  expect  alloying  elements  to  be  cap¬ 
able  of  readily  influencing  the  stability  of  if,  as  is  in 
fact  the  case. 


(iii)  iron  becomes  stable  because  of  the  change  in  sign  of 
(SorSy)  a_  at  950°C.  This  causes  a  corresponding 
change  of  sign  in  (  d{G<t-G)fA  and  above  1400°C, 

V  dT  / mag 

-<G"'GrW  >  non  mag 

Kaufman  et  al^  have  re-analyzed  and  extended  the  available  data  by  experiments 
at  higher  pressures.  They  also  examine  the  antiferromagnetic  behavior  of  iron 
more  closely,  suggesting  it  has  a  momeut  of  less  than  1  ^  at  low  temperatures, 
while  at  higher  temperatures,  this  moment  rises  to  greater  than  2  u  .  They  fur¬ 
ther  suggest  that  there  are  two  spin  states  in  If-iron,  one  characterized  by  high 
moment  and  high  volume  and  the  other  by  low  moment  and  low  volume.  Making  use 
of  the  "Schottky  anomaly”,  they  calculate  the  occupancy  of  these  states  as  a  func¬ 
tion  of  temperature  and  pressure,  and  hence  the  thermodynamic  contributions. 
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This  results  in  somewhat  different  values  for  G*-G*’  at  temperatures  be¬ 
low  A.  hut  permits  calculated  II*  II*  values  which  are  in  better  agreement  with 
the  experimental  calorimetric  values  of  Scheil  and  Saftig  and  Scheil  and 
Normann(^), 

e.g. ,  =  -1460  cal/mol  at  673°K  1 

V  see  Fig.  1 

H*-^  =  -1360  cal/mol  at  773°K  ) 


Several  measurements  have  been  made  of  the  effect  of  pressure  on  the  re¬ 
lative  stability  of*  and  )f  phases,  The  results  are  shown  in  Fig. 2  taken  from 
Kaufman  et  al(3).  From  the  Clausius-Clapeyron  equation,  we  may  calculate  the 
initial  slope  of  this  curve  {as  shown).  The  curve  rapidly  diverges  from  this  ini¬ 
tial  slope. 

At  pressures  above  about  130  kb  1.3  x  10*1  dynes/cm^),  there  are  sug 
gestions  of  a  new  phase  which  may  appear.  Experiments  on  shock  loading  show  a 
change  in  microstructure,  and  high  pressure  experiments  have  very  tentatively 
suggested  that  a  hexagonal  close  packed  form  of  iron  is  stable,  with  a  free  energy 
not  very  different  from  austenite.  In  view  of  the  importance  of  stacking  fault 
energy  in  many  aspects  of  austenitic  steels  (e.g.  creep,  stress  corrosion  behav¬ 
ior  and  possibly  ausforming  and  direct  transformation  to  martensite)  it  is  clear 
that  more  information  on  this  phase  would  be  highly  desirable.  The  results  may 
also  be  relevant  to  establishing  the  thermodynamics  of  the  hexagonal  c.p.  carbides 
of  iron  which  are  of  special  interest  in  the  tempering  of  martensite. 


2.  Thermodynamics  of  Interstitial  Solutions 


A  geometric  consideration  of  the  bcc  and  fee  lattices  using  a  hard  sphere 
model  for  the  atoms  suggests  immediately  that  the  octahedral  interstices  in  /iron 
are  much  larger  than  the  tetrahedral  interstices  in  t ,  and  larger  than  both  octa¬ 
hedral  and  tetrahedral  interstices  in  /-iron.  It  is  to  be  expected  then  that  the  heat 
of  solution  of  carbon  and  nitrogen  in  austenite  will  be  considerably  less  than  in 
ferrite,  and  the  stability  of  t  thus  enhanced  significantly. 

The  iron-carbon  diagram  is  now  established  well  enough  for  practical  pur 
poses,  but  it  is  interesting  to  note  that  the  solubility  of  carbon  in<*  iron  in  equi¬ 
librium  with  Fey  C  is  still  in  some  disputed).  The  iron-nitrogen  system,  perhaps 
not  surprisingly  has  received  less  attention;  the  most  recent  published  diagram  is 
that  given  by  Hansen^  based  largely  on  work  done  between  1930  and  1950.  Some 
more  recent  estimates  of  the  solubility  of  N  in  *  in  equilibrium  with  Fe4N  have 
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been  made  which  reduce  the  previously  reported  scatter  significantly.  The  auste¬ 
nite  field  proposed  by  Eisenhut  and  Kaupp(3^)  and  Lehrer^^  and  confirmed  by 
Paranjpe,  Cohen,  Bever  and  Floe  (32)  and  Jack(^)  seems  to  be  in  little  practical 
doubt.  Very  recent  experiments  by  Grozier^)  agree  well  with  the  published  ver¬ 
sion. 

There  are  several  reasons  why  it  is  of  interest  to  know  the  thermodynam¬ 
ics  of  these  systems  quite  accurately  other  than  the  intrinsic  value  of  such  data. 
They  form  a  basis  for 


(a)  understanding  the  energetics  of  stable  ternary  austenites 
and  ferrites  and  arriving  at  equilibrium  compositions 

(b)  estimating  the  thermodynamics  in  areas  where  austenite 
or  ferrite  is  unstable  with  respect  to  a  carbide,  nitride, 
etc. ,  which  can  precipitate 


(c)  putting  limits  on  thermodynamic  considerations  when 

various  constraints  are  applied,  e.g.  when  a  substitutional 
element  does  not  partition  to  equilibrium  between  phases 
or  when  we  desire  to  calculate  relative  stabilities  of  phases 
under  the  constraint  of  constant  composition  as  in  the 
austenite-martensite  transition. 


There  are  perhaps  three  levels  of  approach  which  have  been  used;  in  in 
creasing  order  of  complexity,  they  are: 


(a)  Attempts  to  extend  the  basic  classification  of  iron  base  diagrams 
(due  to  Wever^5))  to  make  quantitative  estimates  of  phase  bound¬ 
aries  between  f.c.c.  and  b.c.c.  phases.  This  was  originally  done  by 
Zener^17)  and  Wrest(37)  with  later  publications  by  Oelsen  and  Wevert1®) 
and  Andrews!1**).  The  assumption  is  made  here  that  the  difference  in  the 
heat  of  solution  of  an  element  in  cc  and  is  independent  of  temperature  and 
composition.  We  may  then  write 


and 
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been  made  which  reduce  the  previously  reported  scatter  significantly.  The  auste¬ 
nite  field  proposed  by  Eisenhut  and  Kaupp(*9)  and  Lehrer^^  and  confirmed  by 
Paranjpe,  Cohen,  Bever  and  Floe  Q-%)  and  Jack(^)  seems  to  be  in  little  practical 
doubt.  Very  recent  experiments  by  Grozier(^)  agree  well  with  the  published  ver¬ 
sion. 


There  are  several  reasons  why  it  is  of  interest  to  know  the  thermodynam¬ 
ics  of  these  systems  quite  accurately  other  than  the  intrinsic  value  of  such  data. 
They  form  a  basis  for 


(a)  understanding  the  energetics  of  stable  ternary  austenites 
and  ferrites  and  arriving  at  equilibrium  compositions 

(b)  estimating  the  thermodynamics  in  areas  where  austenite 
or  ferrite  is  unstable  with  respect  to  a  carbide,  nitride, 
etc. ,  which  can  precipitate 

(c)  putting  limits  on  thermodynamic  considerations  when 
various  constraints  are  applied,  e.g.  when  a  substitutional 
element  does  not  partition  to  equilibrium  between  phases 
or  when  we  desire  to  calculate  relative  stabilities  of  phases 
under  the  constraint  of  constant  composition  as  in  the 
austenite-martensite  transition. 


There  are  perhaps  three  levels  of  approach  which  have  been  used;  in  in¬ 
creasing  order  of  complexity,  they  are: 


(a)  Attempts  to  extend  the  basic  classification  of  iron  base  diagrams 
(due  to  Wever^))  to  make  quantitative  estimates  of  phase  bound¬ 
aries  between  f.c.c.  and  b.c.c.  phases.  This  was  originally  done  by 
Zener^17)  and  West(17)  with  later  publications  by  Oelsen  and  Wever(18) 
and  Andrews(19).  The  assumption  is  made  here  that  the  difference  in  the 
heat  of  solution  of  an  element  in  «  and  ft  is  independent  of  temperature  and 
composition.  We  may  then  write 


and 
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where  C *  are  concentrations  of  the  alloying  element  in  t.and  6  ,  -H  is 

the  difference  in  heal  of  solution  between  X  and<x  (i.e.  AI-I  -  K<  -  II/)  and 
_  qy  _  q»%  which  is  known  quite  well.  A  single  value  of  ah  repre¬ 
sents  each  binary  system  quite  well  with  the  exception  of  those  elements 
like  chromium  which  show  a  minimum  in  the  'f-k>op.  Extensions  for  carbon 
and  nitrogen  below  however  snow  poor  agreement  with  various  exper¬ 
imental  values  and  the  assumption  of  constant  Ah  appears  to  break  down, 
coupled  with  an  increasing  necessity  to  make  non-ideal  entropy  of  mixing 
corrections. 


(b)  Experimental  values  of  Smith/2^)  are  available  for  the  activity  of 
carbon  in  austenite  over  a  lange  of  compostion.  and  temperature. 
When  plotted  with  an  infinite  dilution  standard  state  they  are  independent 
of  temperature  over  the  range  800-1 200°C  and  may  be  represented  as 


Ellis  et  al(21)  have  recently  suggested  =  *°£y~ 


NJ 


2.084 


5N, 


-  0.6387 


Smith's  equation  also  implies  that  the  heat  of  solution  of  carbon  with  a 
graphite  standard  state  from  800cC  to  1050°C  (graphite)  in  austenite  is 
independent  of  composition  and  temperature  (about  10,  000  cal/mol).  Ellis 
et  al  suggest  about  9,500  cal/mol. 

A  single  set  of  values  for  'CJ.  as  a  function  of  compostion  is  avail¬ 
able  at  725°c(14);  the  values  are  closely  similar  to  those  for  carbon  as 
might  be  expected. 


(e)  A  more  elaborate  treatment  using  the  methods  of  statistical  mechan 
ics  has  been  attempted  by  Kaufman,  Radcliffe  and  Cohen'22)  follow¬ 
ing  Scheil(22).  They  attempt  to  obtain  a  self-consistent  set  of  calculations 
to  agree  with  known  data  by  the  concept  of  a  number  of  "excluded  sites", 

Se,  as  nearest  neighbors  of  an  interstitial  atom  which  cannci.  on  average 
be  occupied  by  an  added  interstitial  atom.  This  number  appears  to  be  4 
(out  of  the  twelve  available);  extrapolations  of  thec/^and  compositions  in 
equilibrium  can  then  be  made  using  this  assumption  into  the  temperature 
region  below  A^  giving  markedly  different  values  at  which  the  phases  would 
be  in  metastable  equilibrium  from  those  obtained  b>  the  Zener  hypothesis 
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of  constant  Ah  or  from  extrapolations  of  Smith's^)  or  Ellis'  (^1)  data. 
Aaronson  (24)  has  calculated  the  various  possibilities  which  diverge  rather 
rapidly  as  the  temperature  falls,  and  the  assumption  become  worse.  If 
A  =  Se  +  1,  and  W  is  the  energy  difference  between  an  isolated  carbon 
atom  in  solution  and  that  required  to  occupy  an  interstitial  site  adjacent  to 
a  carbon  atom,  then 


A  =  13  -  12 


-WAT 


We  note  that  W  =  0  corresponds  to  no  excluded  sites  (Se  =  0  or  A  =  1)  and 
W  =  oc  corresponds  to  Se  =  12  or  A  =  1 3, he. complete  exclusion  of  nearest 
neighbors. 


Thermodynamics  of  Substitutional  Solutions. 


Both  theory  and  experiment  are  not  quite  on  such  a  sound  footing  with  sub¬ 
stitutional  solutions  in  iron  as  with  tne  interstitials,  due  at  least  in  part  to  the 
more  concentrated  solutions  with  which  it  is  necessary  to  deal. 

The  Zener  approach  gives  an  approximate  method  of  calculating  the  shape 
of  the  <~lf  phase  boundaries  from  one  experimental  value  in  the  binary  in  those 
cases  where  &  -loop  minima  do  net  occur.  The  values  of  AH  from  the  binaries  can 
also  be  used  to  estimate  ternary  diagrams  (see  next  section). 


Experimental  values  of  activity  variation  with  composition  are  now  avail¬ 
able  for  the  b.c.c.  phase  in  iron-chromium (25-27)  which  is  nearly  ideal  at  about 
1200°C  as  shown  in  Fig.  3,  and  for  the  f.c.c.  and  other  phases  in  Fe-Ni(28)>  Fe- 
Mn(29),  Fe-Zn(30),  and  Fe-V(31),  no  obvious  pattern  exists  to  allow  prediction  of 
activities;  these  latter  are  substantially  non-Raoultian. 


Weiss  and  Tauer(2)  have  suggested  an  extension  of  Zener's  ideas  (32)  on  a 
detailed  analysis  of  specific  heat  contributions,  and  shown  that  it  is  possible  to 
predict  the*-#  boundary  of  the  Fe-Mn  diagram  from  a  knowledge  of  the  variation 
of  such  quantities  as  the  density  of  states  at  the  Fermi  level,  the  number  of  Bohr 


magnetons  per  atom,  etc.  with  composition.  The  prediction  also  works  fairly 
for  Fe-Ni(3^)  but  the  difficulty  of  obtaining  the  necessary  physical  quantities  ; 


-~11 


V*CJLJL 


en- 


ders  the  method  of  doubtful  practical  value  at  the  moment. 
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The  real  value  of  understanding  the  factors  contributing  to  binary  systems 
is  the  potential  ability  to  predict  phase  boundaries  and  equilibrium  compositions 
in  ternary  and  higher  systems. 

A  generalization  of  the  Zener  approach  using(Hf  -  Hx)  has  been  made  by 
Andrews(19)  to  calculate  the  amount  and  composition  of  phases  in  an  (oc  )  field 
with  some  limitations,  e.g.  no  undissolved  carbides  should  be  present.  In  some 
cases,  it  is  possible  to  extend  the  ideas  to  calculate  transformation  ranges  in 
certain  steels.  An  example  of  the  agreement  between  experiment  and  theory  is 
given  in  Fig.  4.  With  the  development  of  high  alloy  low  carbon  steels  for  structural 
applications,  this  method  could  well  be  a  useful  time-saver  in  designing  heat  treat 
ments. 

When  substantial  amounts  of  carbo  i  are  present,  or  even  small  amounts 
with  strong  carbide  formers,  Andrews'  method  is  less  valuable.  There  are  sever 
al  areas  of  practical  interest  where  estimates  of  phase  boundaries  wouid  be  use¬ 
ful: 


(a)  control  of  austenite  grain  size  by  Al,  Nb,  V,  etc. 

(b)  banding  in  low  carbon  steels 

(c)  choice  of  austenitizing  temperature  for  highly  alloyed 
materials,  e.g.  tool  and  die  steels  where  austenite  com 
position  fixes  martensite  hardness,  amount  of  retained 
austenite,  ease  of  tempering  and  residual  stresses  and 
craking  susceptibility, 

(d)  equilibrium  phases  in  tempered  steels,  notably  the  com 
position  of  the  ferritic  phase 


A  piece  of  information  which  may  be  helpful  in  ausforming  studies  (see 
section  on  martensite)  is  the  position  of  the  extrapolated  solubility  line  for  ce- 
mentite  in  austenite  below  A^,  Making  the  reasonable  assumption  that  the  enthalpy 
of  carbon  and  iron  in  austenite  are  independent  of  composition  over  the  ranges 
customarily  found  in  steels,  Darken  and  Gurry(^4)  show  that  the  heat  of  solution 
of  cementite  in  austenite  is  about  7500  cal/mol  at  1000°C.  Using  the  experimental 
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solubility  at  100C°C,  and  noting  that  the  enthalpy  for  the  reaction 

FegC  (cementite)  3Fe  (Jf)  +  C  (*) 

is  not  strongly  dependent  on  temperature,  we  can  calculate  the  extrapolated  value 
^cm  as  s^own  *n  Fig.  5.  Carbide  precipitation  during  working  of  austenite  can 
only  occur  of  course  for  temperature-composition  combinations  to  the  right  of 
this  line.  This  may  in  oart  be  responsible  for  the  observation  that  the  lower  the 
working  temperature  during  ausfcrming,  the  stronger  (in  general)  the  product. 

Work  on  the  kinetics  of  precipitation  of  carbides  from  deformed  harden- 
able  austenites  is  sparse,  not  least  due  to  experimental  difficulties  (35),  a  study 
of  the  precipitation  rates  and  morphology  of  cementite  from  undeformed  coarse 
grained  high  carbon  austenite  has  been  made  by  Heckel  and  Paxton^®).  They  em¬ 
phasize  the  role  of  silicon  in  retarding  carbide  growth  rates;  whether  this  is  re¬ 
levant  or  not  in  ausforming  is  not  yet  known. 

The  calculation  of  the  extrapolated  Acm  for  alloy  steels  is  not  quite  so 
straightforward.  We  may  consider  an  approximate  calculation  for  the  iron-chromium  - 
carbon  diagram  to  illustrate  the  important  concepts.  Isothermal  sections  at  850°C, 
1000°C  and  1150°C  have  recently  been  publisled  by  Bungardt,  Kunze  and  Horn(37), 

We  may  use  these  data  to  find  the  composition  of  austenite  in  equilibrium  with  a 
given  concentration  of  a  specific  carbide  (e.g.  (CrFe)7C3)  as  a  function  of  tem¬ 
perature,  i.e.  the  Acm).  These  compositions  yield  the  approximate  heat  of 
solution  of  this  particular  carbide,  which  can  be  used  to  extrapolate  the  Acm  to 
lower  temperatures.  Some  typical  curves  are  shown  in  Fig. 5.  It  will  be  observed 
that  even  relatively  small  amounts  of  chromium,  such  as  2  w/o,  cause  a  sub¬ 
stantial  change  in  the  A£m  relative  to  Fe-C  alloys,  and  thus  make  carbide  nucTe- 
ation  possible  at  lower  carbon  contents  or  higher  deformation  temperatures. 

Elements  which  do  not  form  stable  carbides  (such  as  Ni)  would  have  a 
much  smaller  effect. 

A  further  useful  eonceptc  which  can  be  obtained  either  experimentally  or 
from  thermodynamic  data  on  solutions  in  iron  is  the  temperature  TQ  at  which  the 
free  energy  of  aciron  (G  *)  is  equal  to  taht  of  F  iron  (G*  )  under  the  constraint  of 
constant  composition.  The  martensite  transformation  temperature  must  be  below 
this  (38), 

In  addition  to  the  effects  on  quench  cracking,  retained  austenite  and  dimen 
sional  stability  which  have  been  appreciated  for  a  considerable  time,  control  of 
Mg  temperature  by  close  control  of  composition  is  of  crucial  importance  in  the 
high  alloy  steels  involving  transformation  to  martensite  by  a  variety  of  techniques. 

A  balance  must  be  struck  between  the  tendancy  of  alloying  elements  to  produce 
6  -ferrite  during  heat  treating  and  their  effects  on  Mg.  Since  the  different  alloying 
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elements  do  not  have  the  same  effect  in  both  cases,  judicious  selection  r  an  optimize 
the  desired  amount  of  l  -ferrite  and  martensite  within  feasible  steelmaking  limits^**). 

The  propensity  to  form  6  -ferrite  is  dependent  in  sign  on  whether  the  added 
alloy  is  an  austenite  stabilizer  or  a  ferrite  stabilizer,  but  not  quantitatively  so  as 
shown  in  Table  1.  The  effect  on  Mg  is  dependent  in  sign  on  the  magnetic  contribut¬ 
ions  to  the  specific  heat  difference  between  at  and  ^  ,  but  again  is  not  quantitative. 


As  might  be  expected,  the  effect  on  ^/atom  is  not  linear  and  the  "strength" 
of  an  element  expressed  as 

✓** 


3  <%  alloy Jj 


'O 


depends  on  the  specific  composition  CQ. 

Some  typical  values  are  shown  in  Table  2. 


TABLE  1 

Change  in  6  -ferrite  Limit  of  If-loop  in 

Element  %  for  0.1  w/o  %  for  1  w/o  binary  diagram 

w/o  (a/o) 

N  -20 

C  -18 


Ni 

-10 

Co 

-  6 

Cu 

-  3 

Mn 

-  1 

W 

+  8 

1.0 

(3.  2i 

Si 

+  8 

2 

(4) 

Mo 

+2  i 

3 

(1.8) 

Cr 

+15 

12 

(12.8) 

V 

+19 

1.5 

(1.6) 

A1 

+38 

0.6 

(1.1) 

■  _ - 


VII- 15 


TABLE  2 

Approximate  Effects  of  Alloying  Elements  on  Lowering  Ms 

(AT°C  for  1  w/o  alloy) 

Mg  range  (250  to  400°C)(40)  (20  to  100°C)<39)  (-80°C  to  100°C)(39)  (in22.5%Ni)(41) 
C  474* 

N 


Ni 

17 

Cr 

17 

40 

Mo 

21 

40 

51 

20 

Mn 

27 

35 

V 

32 

60 

30** 

Co 

-15 

Cu 

32 

40 

W 

27 

45 

A1 

54 

51 

0 

Si 

40 

60 

30** 

Nb 

55** 

Ti 

35** 

*  From  calculations  of  TQ,  Kaufman  and  Cohen^33)  obtain  a  value  of  370°C/%C. 

**  Nb,  Ti,  V  and  Si  first  raise  Mg  when  a  few  tenths  of  a  per  cent  are  present; 
this  value  is  for  amounts  greater  than  that  necessary  for  maximum  Mg. 
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Nucleation  and  Diffusion  Controlled  Growth 
of  Phases  in  Steels 


Nucleation 


The  topic  of  nucleation  of  one  solid  phase  in  another  has  been  the  subject 
of  several  reviews  (^).  The  problem  is  complex  and  cannot  be  considered  to  be 
solved  quantitatively.  However,  we  may  make  some  useful  qualitative  observat¬ 
ions.  We  write  schematically 


Noe  e-OoAT 


K.T  (If*.  )n  1 

'  ‘  FT 


where 


Qjj  is  the  activation  energy  of  the  diffusion  process  necessax*y  to  pro¬ 
vide  the  local  composition  change  for  nucleation, 

K  is  a  geometrical  constant  involving  "nucleus  shape"  and  wetting 
angles  of  the  nucleus  with  the  various  interfaces  in  contact  with 
the  nucleus  (nucleation  is  invariably  heterogeneous), 

Vj  are  the  various  surface  energies  involved, 

Agv  is  the  Gibbs’  free  energy  change  between  bulk  product  and  parent 
lattice, 

^  is  the  strain  energy  produced  by  the  critical  nucleus.  This  will 
always  be  positive  and  reduce  4Gy  (which  is  negative)  leading  to 
a  smaller  N.  However,  certain  spatial  orientations  of  the  nucleus, 
particularly  near  imperfections,  produce  smaller  values  of than 
others  and  thus  favor  apparently  larger  values  of  N. 


The  expression  for  N  predicts  that  nucleation  rate  increases  with  increas¬ 
ing  temperature  difference  from  the  equilibrium  temperature  (who  re  4  G  --  0;. 
For  transformations  on  heating  (e.g. ,  at  +  Fe30*K ),  the  rate  should  increase 
continuously.  For  cooling  transformations  (e,g.  pearlite)  a  maximum  should 
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be  reached  in  the  nucleation  rate  because  of  the  rapid  decrease  in  e"^D/^cT  as  the 
temperature  is  reduced.  These  effects  arp  indeed  observed  (4^)t 

Nucleation  rate  should  also  be  dependent  on  nucleation  site.  It  is  usually 
very  difficult  to  separate  strain  energy  effects  from  surface  energy  effects  for 
nucleation  at  grain  boundaries  in  steels,  although  Aaronson^44)  and  Heckel  and 
Paxton  (45)  give  clear  qualitative  examples  of  differences  in  nucleation  frequency 
at  various  types  of  grain  boundary  for  ferrite  and  cementite  precipitation  from 
austenite  respectively. 

In  A1  alloys  containing  a  few  per  cent  copper,  the  6*  precipitate  obviously 
nucleates  in  a  manner  which  depends  on  the  local  strain  field  around  the  helical 
dislocations  (46)  formed  in  these  alloys  by  quenching  and  aging.  In  the  case  of 
iron  alloys  containing  N  or  C,  somewhat  similar  effects  occur  (47, 48)^  with  large 
supersaturations  (=  AGy),  for  example,  iron  nitride  precipitates  (Fe16N2)  form 
on  free  dislocations  and  on  those  in  sub-boundaries  in  all  possible  With 

smaller  super  saturations,  precipitates  appear  on  only  one  of  the  ^100^  planes 
or  only  on  selected  dislocations.  At  very  large  supersaturations,  precipitates 
form  in  the  matrix  apart  from  dislocations  as  they  do  also  in  GP  zones  and  6"  in 
Al-Cu.  The  same  phenomena  can  occur  in  quench-aged  Fe-C  alloys(48),  although 
at  lower  supersaturations,  precipitation  on  dislocations  also  occurs,  often  on  all 
three  ^100^^  Sma41  additions  of  manganese  change  the  precipitation  behavior 
quite  noticeably.  The  precipitation  in  3.25%  Si  alloys  is  also  different  from  es¬ 
sentially  Fe-C  alloys,  perhaps  because  Si  changes  AGy  significantly,  because  at 
low  temperatures  an  isomorph  of  Fe,gN2  is  formed  rather  than  cementite,  and 
also  because  Si  has  a  very  low  solubility  in  cementite  and  thus  may  have  to  diffuse 
away  from  an  advancing  carbide-ferrite  interface  before  growth  can  occur(49).  Wc 
shall  return  to  this  subject  later  in  discussing  growth  of  one  phase  in  another. 

As  in  non-ferrous  systems,  (e.g.  Al-Si)(®®)  vacancy  condensation  on  grain 
boundaries  can  lead  to  a  precipitate  free  zone  close  to  the  boundary  in  Fe-N  and 
Fe-C  alloys.  Keh  and  Leslie (48)  propose  that  this  creates  a  zone  which  is  free  of 
nucleation  sites,  which  may  possibly  be  individual  vacancies  rather  than  the  pris 
matic  loops  which  often  seem  to  be  sites  for  nuclei  in  non-ferrous  systems. 


2.  Growth 


Ideally,  the  growth  of  one  phase  in  another  should  be  a  very  simple  prob¬ 
lem  in  principle.  The  subject  was  discussed  by  Noyes  and  Whitney^4),  and  by 
NernstW^^  around  the  turn  of  the  century.  Nernst,  considering  the  transport  of 
matter  to  crystals  in  supersaturated  liquid  solutions,  for  example,  postulated 
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of  curvature  r-j ,  r9 

(f  is  the  surface  energy  of  the  particle -matrix  interface 

and  V  is  the  partial  molal  volume  of  the  component  in  the 

particle, 

attaining  local  equilibrium  of  activities  at  the  interface  means  a  consider¬ 
able  change  in  concentration  gradient  with  particle  size.  If  r^  =  r2  =  r*, 
the  critical  nucleus  size,  there  is  no  concentration  gradient  m  the  matrix. 
To  make  further  trouble,  the  value  of  ft  is  not  easy  to  estimate  especially 
for  very  small  particles,  or  coherent  interfaces. 


(d)  Rejection  of  a  slowly  diffusing  impurity  may  cause  changes  in  act¬ 
ivity  of  the  obvious  diffusing  element  near  the  interface,  and  thus 
seriously  alter  the  concentration  gradient. 


It  is  of  interest  to  study  some  of  .he  data  where  careful  measurements  have 
been  made  with  an  awarness  of  the  pitfalls  above.  We  shall  discuss  the  growth 
from  austenite  of  pearlite,  grain  boundary  cementite,  and  Widmanstatten  cemen- 
tite  and  ferrite,  and  the  growth  of  austenite  into  ferrite  in  various  morphologies. 


3.  Austenite- Pearlite 


A  series  of  recent  reviews  have  been  written  on  this  topie^’  Growth 
studies  on  pearlite  were  initially  popular  because  of  its  practical  importance  and 
because  the  rate  was  constant  in  the  materials  investigated,  e%  en  though  the  struc 
ture  and  detailed  mechanisms  were  complex.  That  a  constant  growth  rate  is  not 
an  inherent  characteristic  has  recently  been  demonstrated  by  Cahn  and  Hagel^7^, 
who  showed  in  an  Fe-5.2%  Mn-0.6%  C  alloy  that  the  spacing  becomes  increasingly 
larger  and  the  growth  rate  smaller  with  time. 

The  importance  of  capillarity,  i,  e.  the  fraction  of  available  free  energy 
stored  as  interfacial  energy,  in  this  reaction  was  first  pointed  out  by  Zener ($8), 
whose  model  has  since  been  modified  and  extended  by  various  workers.  The  de¬ 
tails  are  elaborate  and  not  appropriate  here,  but  the  current  situation  seems  to  be 
that  the  degree  of  segregation  of  alloying  elements  and  the  importance  of  diffusion 
along  theY /(vf  +  Fe0C)  interface  are  both  very  relevant.  Thus  factors  (a),  (c),  and 
(d)  are  important  and  a  priori  calculations  cannot  yet  be  made.  Alloying  elements 
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affect  growth  rates  markedly!4^,  5()). 

For  practical  purposes,  the  growth  rate  in  plain  carbon  steels  dominates 
the  nucleation  effects  in  determining  overall  kinetics  for  temperatures  below 
about  660OC  since  "site  saturation"  has  occurred,  i.e.  there  are  enough  nuclei/ 
grain  to  easily  use  up  the  austenite  by  growth.  Grain  size  effects  on  hardenability 
seem  to  be  related  at  these  lower  transformation  temperatur  es  at  least  in  part  to 
the  time  for  a  growing  pearlite  front  to  consume  an  austenite  grain. 

In  alloy  steels,  it  has  long  been  the  practice  to  add  elements  which  "move 
the  TTT  curve  to  the  right".  By  extending  the  TTT  curves  to  transformation  curves 
cn  continuous  cooling,  a  substantial  literature  has  developed  on  "hardenability" 
with  various  numerical  treatments  of  substantial  practical  value!59).  In  considering 
the  basic  nucleation  expression,  alloying  elements  could  in  principle  affect  Qd,  't  , 
^Gy  or  .  Data  for  quantitative  comparison  are  extremely  scarce.  While  it.  is  true 
that  cobalt  alone  of  the  elements  measured  increases -4  Gv  for  >  pearlite!59) 
(because  of  its  effects  on  magnetic  specific  heat — see  section  on  thermodynamics) 
and  also  increases  N,  it  seems  more  probable  that  the  suggestion  of  Cahn  and 
Hagel!®5)  has  a  good  deal  of  validity,  viz.  nucleation  site  saturation  c  ^curs  early 
and  the  effects  of  alloying  elements  are  mainly  on  growth  rate,  up  to  several  or¬ 
ders  of  magnitude. 

Research  on  pearlite  growth  rate  may  well  be  fruitful  in  producing  deeper 
hardening  steels  or  cheaper  steels  to  compete  with  present  grades,  as  traces  of 
boron  are  useful  in  minimizing  massive  pro-eutectoid  ferrite  precipitation.  The 
synergistic  effects  of  a  number  of  alloying  elements  have  been  recognized  for 
many  years  as  the  Grossman  multiplying  factors  !59)  (rather  than  additive  factors) 
but  to  the  author’s  knowledge  the  combination  of  alloying  elements  has  not  been  re 
examined  after  the  theoretical  studies  of  Cahn  and  Hagel!55). 


4.  Austenite  — » Grain  Boundary  Cementite  and  a  Lower  Carbon  Austenite 


This  reaction  appears  at  first  sight  to  be  a  particularly  fruitful  one  in 
ahich  to  study  diffusion  controlled  growth  since  the  geometry  is  quite  simple  (and 
thus  allows  theoretical  predictions  to  be  made  at  all  which  is  not  always  the  case! ) 
A  wide  range  of  precipitation  temperature  and  matrix  compositions  can  be  invcsiig 
ated,  and  experimental  measurements  can  be  made  by  the  optical  microscope. 
Some  results  of  Heckel  and  Paxton(36)  are  shown  in  Fig. 6.  The  observed  growth 
rate  is  much  lower  than  that  calculated  from  long  range  diffusion  control:  the  rate 
can  be  increased  measurably  by  reducing  the  silicon  dissolved  in  the  austenite  but 
this  does  not  explain  all  of  the  discrepancy  between  theory  and  experiment  by  any 
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means. 


It  seems  clear  that  part  of  the  reason  for  the  slow  growth  rate  is  due  to 
factor  (d),  in  this  case  the  rejection  of  Si  from  FegC  as  discussed  earlier  thus 
upsetting  the  expected  concentration  gradients.  Whether  this  is  the  whole  reason 
or  not  is  unclear;  there  may  be  short  range  crystallographic  limitations  to  the 
mobility  of  the  Fe^-C-austenite  interface  (factor  (b).  Because  of  complexities  in 
crystallography,  this  concept  is  better  explored  in  another  system  described 
later. 


5.  Austenite -‘♦Widmanstatten  Ferrite  or  Cementite 

It  appears  to  be  an  established  fact  in  the  transformation  of  austenite  in 
the  iron-carbon  system  that  very  small  supersaturations  produce  precipitation 
primarily  at  grain  boundaries^1).  With  somewhat  larger  supersaturations,  the 
new  phase  forms  as  Widmanstatten  plates(^)  by  a  relatively  slow  growth  process 
(i.  e.  not  the  very  rapid  plate  formation  typical  of  martensite).  These  plates  have 
a  habit  plane  of  ^lllj  for  ferrite^7)  and  a  non-unique  habit  plane  in  the  vicinity 
of  i  734 for  cementite!63).  Ferrite  plates  appear  to  have  aKurdjumow  and  Sachs(64) 
orientation  relationship;  Pitsch!65)  has  reported  for  cementite  in  a  12%  steel  that 
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There  are  two  features  of  interest  in  the  growth  of  these  plates.  Firstly, 
the  plate  grows  much  faster  in  its  plane  than  normal  to  it.  It  remains  to  be  seen 
whether  this  is  because  the  edgewise  growth  is  faster  than  that  expected  from 
planar  diffusion  control  due  to  the  point  effect  of  diffusion,  or  because  the  normal 
growth  is  lower  than  expected  due  to  a  low  interface  mobility^’**5).  Secondly,  we 
may  ask  if  the  plate  grows  by  the  non-cooperative  transfer  of  single  atoms  across 
the  interfaces  or  if  some  lattice  shear  is  involved  as  in  the  formation  of  marten¬ 
site!66,67)  and  bainite^68). 


The  questions  are  not  easy  to  answer  unequivocally,  because  both  convinc¬ 
ing  experiments  and  adequate  theory  are  sparse.  Data  are  available  from  electron 
emission  microscopy  on  pro-eutecloid  ferrite  plates^68)  which  show  that  thicken¬ 
ing  is  parabolic  with  time  whereas  the  lengthening  is  linear  with  time.  Calculated 
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rates  based  on  carbon  diffusion  as  a  rate  controlling  step  are  within  a  factor  oi  2 
to  -1(54),  Data  by  Hillert  (^0)  on  lengthening  of  Widmanstatten  ferrite  have  been 
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slightly  different  models;  the  agreement  is  again  off  by  about  the  same  factor. 
Rates  of  lengthening  of  cementite  plates  have  been  measured  by  Heckel  and  Paxton 
(36);  here  the  calculated  values  differ  by  orders  of  magnitude  and  it  may  be  that 


silicon  partitioning  is  responsible. 


A  major  difficulty  arises  in  trying  to  calculate  the  radius  of  curvature  of 
a  ^coring  plate  tip.  A  sharp  tip  favors  rapid  growth  by  the  point  effect  of  diffusion 
,>ut  if  .t  becomes  too  sharp,  the  pressur  e  effect  on  activity  of  components  in  the 
plate  reduces  the  concentration  gradient  in  the  matrix  and  hence  the  flux  to  the  in 
terface(5®).  The  vexing  question  has  always  been  to  decide  convincingly  which 
principle  of  nature  should  be  applied  to  find  the  optimum  radius  and  so  far  this 
has  escaped  workers  in  this  field. 


The  subject  of  shear  in  the  formation  of  Widmanstatten  plates  has  been 
discussed  by  Chiistian(^).  It  appears  highly  probable  that  Widmanstatten  ferrite 
at  least  forms  with  a  semi-coherent  interface  and  thus  advances  by  shear.  No 
measurements  appear  to  be  available  on  cementite.  We  shall  see  later  that  aus¬ 
tenite  can  definitely  form  by  shear  from  ferrite^*^. 


The  immediate  relevance  of  these  calculations  to  microstructures  of  en¬ 
gineering  interest  is  perhaps  not  obvious.  The  i*elatively  large  plates  suitable  for 
the  measurements  are  not  usually  found  except  in  normalized  structures  and  in  the 
heat  affected  zones  of  welds.  However,  very  small  plates  are  found  in  tempered 
structures,  and  particularly  in  those  showing  secondary  hardening,  and  for  creep 
resistance.  Slow  growth  of  these  particles  is  desirable  to  prevent  overaging,  and 
am  understanding  of  the  controlling  factors  is  helpful.  The  growth  of  carbides  and 
nitrides  during  quench  aging,  which  can  affect  desirable  magnetic  properties,  is 
also  in  a  \\  idmanst&tten  form  and  direct  measurements  are  difficult. 


6.  The  Formation  of  Austenite 


In  spite  of  its  tremendous  importance  as  an  intermediate  stage  in  most  hen  -  - 
treatments  jf  steel,  very  little  work  has  been  done  to  understand  in  a  quantitative 
way  the  formation  of  austenite.  It  seems  reasonable  that  the  grain  size,  texture, 
concentration  gradients,  and  dislocation  patterns  could  be  influenced  by  control¬ 
ling  rates  of  nucleation  and  growth. 

Austenite  may  form  either  by  a  shear  transformation  (?4)  or  by  classical 
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nucleation  and  growth!75).  In  probably  all  single  phase  systems  examined,  either 
mechanism  can  operate  depending  on  the  supersaturation.  Examples  are: 

(a)  Iron  whiskers 

Wayman  et  al!75)  have  shown  that  by  gradient  heating,  austenite 
forms  by  shear  giving  a  clearly  defined  tilt  at  the  <*  -  K  interface.  The 
equivalent  N  and  ^  transformation  has  not  been  shown,  but  it  seems  in¬ 
conceivable  that  at  small  supersaturaiions  it  would  not  occur  eventually. 

(b)  Large  ot  -iron  crystals 

Grozier  et  al!7**)  have  shown  that  austenite  will  grow  into  zone-re 
fined  iron  single  crystals  by  exposure  to  a  suitable  NH3/H2  mixture.  If 
the  crystal  surface  is  relatively  imperfect,  any  nuclei  of  austenite  can 
form  at  small  supersaturations  and  growth  is  controlled  by  nitrogen  dif¬ 
fusion  through  the  austenite  to  the*  -  X  interface.  If  on  the  other  hand, 
nucleation  is  suppressed  by  making  a  more  perfect  crystal  surface,  theot 
can  bi  ,orae  quite  supersaturated  with  nitrogen  relative  to  the  normal  ni¬ 
trogen  content  of  ferrite  in  equilibrium  with  austenite.  When  the  austenite 
finally  nucleates  then  it  can  grow  very  rapidly,  and  advances  as  plates 
with  a  definite  surface  tilt  i.e.  by  shear. 

(c)  Iron-nickel 


Martensite  forms  fairly  readily  from  austenite  in,  for  example, 
Fe-Ni!77),  at  relatively  slow  cooling  rates.  The  reverse  transformation 
i.e.  M  can  also  proceed  by  shear  if  the  heating  rate  is  moderately 
rapid!74),  or  if  the  heating  rate  is  slower,  by  disproportionation 

Oc  +  *C2 

in  the  two  phase  field,  or  by  simple  nucleation  and  growth  if  in  the  all  If 
field.  The  change  in  dislocation  density  produced  by  shear-formed  austen 
ite  can  significantly  change  the  mechanical  properties!74). 

In  the  more  usual  case  of  the  formation  of  austenite  from  two-phase  systems 
usually  cementite  and  ferrite,  quantitative  isothermal  investigations  are  rare. 
Roberts  and  Mehl(75)  examined  the  formation  of  austenite  from  pearlite,  Molinder 
(78)  from  spheroidite,  and  Speich!79)  has  used  laser  heating  to  extend  the  work  to 
much  shorter  times.  There  is  a  great  deal  of  work,  predominantly  Russian,  which 
uses  heating  rate  rather  than  isothermal  holding  time  as  a  parameter.  Many  inter¬ 
esting  properties  can  be  obtained  from  such  austenite  formed  rapidly.  It  is  also 
possible  to  go  directly  from  iron-carbon  martensite  to  austenite  without  tempering 
the  martensite  giving  another  control  variable. 
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The  practical  potential  of  these  processes  seems  considerable;  further 
work  on  understanding  the  mechanisms  and  effects  seems  extremeiy  desirable 
along  ith  development  of  practical  methods  of  achieving  control  of  nucleation 


and  growth  of  austenite  grains. 
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THE  PROPERTIES  OF  AUSTENITE 


Introduction 


An  enormous  amount  of  information  is  available  on  the  body  centered  alloys 
of  iron,  especially  on  the  mechanical  properties.  Efforts  on  the  face-centered 
austenitic  phase  have  been  on  a  vastly  reduced  scale.  Perhaps  this  is  because  only 
recently  has  it  been  realized  that  these  properties  may  be  significant  in  influencing 
transformation  behavior  and  resultant  properties  of  body-centered  phases  and  ag¬ 
gregates.  For  many  years,  all  that  was  expected  of  austenite  was  a  reasonably 
homogeneous  composition  (with  no  surface  changes  such  as  decarburization)  or  a 
properly  controlled  amount  of  a  second  phase  such  as  a  carbide  or  ^-ferrite.  In 
the  last  five  years  or  so,  the  true  importance  of  a  control  of  the  structure  of  aus^ 
tenite  prior  to  transformation  has  been  recognized.  Indeed,  it  is  the  opinion  of 
this  author  that  the  surface  has  just  been  scratched  and  that  significant  improve¬ 
ments  in  strength,  ductility,  weldability  and  processing  will  result  from  an  intens 
ive  study  of  austenites  and,  concurrently,  a  coupling  of  the  science  with  engineer¬ 
ing  techniques  to  permit  a  close  full-scale  practical  control  of  temperature,  time 
and  deformation. 

Even  steels  normally  used  in  the  fully  austenitic  condition,  which  have  al 
ways  been  quite  readily  deformed  in  the  annealed  state  necessary  for  maximum 
corrosion  resistance,  have  shown  a  remarkable  increase  in  yield  strength  by  a 
rather  simple  composition  change  designed  to  refine  the  grain  size  after  anneal¬ 
ing  at  the  customary  1000°C  for  solution  of  chromium  carbides^).  Considerable 
effort  on  the  work  hardening  characteristics  of  austenite  has  resulted  in  the  abil¬ 
ity  to  produce  steels  with  high  rates  of  work  hardening,  for  structural  purposes 
or.stretch  forming  after  cold  rolling(81),  especially  at  low  temperatures(82)  or 
with  lowered  rates  for  improved  performance  in  drawing(82). 

We  shall  try  to  list  some  relevant  information  on  the  properties  of  austen¬ 
ite  as  a  base  to  point  out  areas  where  knowledge  would  appear  very  helpful. 
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1 .  Microstructure  of  Deformed  Austenite 


From  work  on  fee  metals  and  alloys,  it  now  appears  clear  that  the  stack¬ 
ing  fault  energy  is  a  most  important  parameter  in  determining  the  fj^ic  scale  mi¬ 


crostructure  of  deformed  material.  For  relatively  high  values  of 


(i.e-  >  1), 
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cells  are  formed  during  deformation  of  a  few  per  cent  at  room  temperature^), 

(i  -  stacking  fault  energy  -  hereafter  SFE,  G  =  shear  modulus,  b  =  Burgers’ 
veetor).  Below  this  value,  cross  slip  becomes  progressively  more  difficult  and 
dissociated  dislocations  much  more  prominent.  Measurements  on  stacking  fault 
energy  are  limited  on  austenite.  Around  the  18  Cr  8  Ni  composition  the  SFE  is  low 
and  increases  with  increasing  nickel  content  (Fig.  7).  In  iron  nickel  alloys,  judging 
from  published  photographs  of  undissociated  dislocations,  the  SFE  is  relatively 
high.  The  SFE  for  austenites  with  varying  amounts  of  C  and  N  has  only  been 
examined  in  Fe-Cr*-Ni  alloys (®®).  It  would  seem  to  be  a  most  important  para¬ 
meter,  especially  in  work  on  high  strength  materials  produced  by  ausforming 
and  further  effort  seems  crucial.  Up  to  0. 12  w/o  N  appears  to  reduce  the  SFE 
somewhat  whereas  the  effect  of  0. 1  w/o  C  is  small,  possibly  increasing  SFE 
slightly. 


Reasons  for  this  difference  are  not  apparent  but  the  effect  seems  to  be 
carried  through  into  the  stress  corrosion  cracking  characteristics,  which  have 
been  linked  with  stacking  fault  energy (86),  Nickel-cobalt  alloys  can  be  obtained 
w'ith  very  low  SFE’s  near  70%  Ni(87). 


It  is  possible  also  that  the  number  of  vacancies  retained  in  austenite, 
helped  perhaps  by  concentrations  of  alloying  elements,  would  be  relevant.  Again 
measurements  are  very  sparse. 


2.  Properties  of  ’’Austenite”  Single  Crystals 


In  an  attempt  to  generalize,  and  to  survey  the  possible  types  of  behavior, 
we  shall  call  under  the  heading  ’’austenite’’  any  fee  alloy  containing  substantial 
amounts  of  Fe,  Ni,  Co  or  Mn. 

Some  representative  stress  strain  curves  for  single  crystals  are  shown 
in  Figures  8  and  9.  It  will  be  observed  that  they  vary  from  the  ’’classical  fee  pure 
metal"  type  of  curve  for  Co-Ni  (®®)  to  an  'V -brass  type"  for  some  of  the  stainless 
steels(®9);  a  maraging  composition  gives  curves  very  similar  to  the  stainless 
steels(90).  The  reasons  for  these  differences  are  not  immediately  apparent. 
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to  polycrystalline  behavior  are  sparse  indeed 


The  temperature  dependence  of  the  flow  stress  in  certain  compositions  is 
much  greater  in  degree  than  in  copper  base  alloys  for  example,  especially  as  the 
Mg  is  approached.  The  SFE  varies  with  temperature  also,  becoming  quite  low  as 
Ms  is  approached.  Direct  evidence  for  this  has  been  obtained  by  Bare  lay  (9*)  by 
deforming  Fe-25  Cr-20  Ni  polycrystals  at  a  variety  of  temperatures.  At  4°IC,  the 
dislocations  are  clearly  dissociated;  at  77°K  and  above,  they  are  not.  Whether  or 
not  the  SFE  is  influtneing  the  flow  stress  needs  investigation. 

Some  indirect  evidence  for  variation  of  SFE  with  temperature  is  also  per¬ 
haps  supplied  by  the  observation  of  Hu  and  Goodman^92)  that  deformation  of  stain¬ 
less  steel  at  temperatures  not  far  above  Mg  followed  by  recrystailization  produces 
an  ’V-brass"  texture  characteristic  of  a  low  SFE,  Deformation  at  higher  temper¬ 
atures  produces  after  recrystailization  the  famous  cube  texture  characteristic  of 
copper,  with  its  much  higher  SFE. 


A  characteristic  of  some  austenites  seems  to  be  "jerky  flow"  reminiscent 
of  the  blue  brittleness  phenomenon  in^-iron,  and  also  present  in  many  copper- 
base  and  aluminum-base  fee  alloys.  This  has  not  yet  been  observed  in  austenite 
single  crystals  (with  the  exception  of  the  unrelated  case  of  twinning  at  very  high 
strains  in  Co-Ni  alloys )(88)  but  is  clear  in  a  variety  of  polycrystalline  alloys  (Fe-18 
Cr-13  Ni-0.1  N)(93),  300  M  (a  high-silicon  4340)(94),  H  ll(35),  etc.).  The  low- 
alloy  steels  showed  jerky  flow  at  strain  rates  between  4  x  IQ-'*  sec-*  and  2  x  10-3 
see"l  in  the  range  800°  to  1000°  F  (430-650°C)  whereas  the  highly  alloyed  stain¬ 
less  steel  shows  this  behavior  below  200°C  at  a  strain  rate  of  about  10~4/sec. 


It  is  also  reported  to  be  possible  to  produce  a  large  upper  yield  point  in 
this  latter  material  by  aging  for  a  short  period  under  stress(93).  A  small  grain 
size  seems  to  be  a  pre-requisite  for  this  type  of  behavior^99). 

Little  work  seems  to  be  available  on  the  effect  of  wide  variations  in  strain 
rate  on  the  mechanical  properties  of  austenite (9*).  This  also  seems  a  fertile  field 
for  research.  The  benefits  of  the  ausforming  process  seem  to  be  somewhat  dep¬ 
endent  on  strain  rate  during  deformation. 


3.  Properties  of  Polycrystalline  Austenite 


In  the  annealed  condition,  at  room  temperature,  stable  austenites  have  a 
low  yield  strength  (35, 000  psi)  and  an  extensive  plastic  region  reaching  tensile 


V1I-28 


strengths  (load/original  area)  of  over  100,  000  psi  with  elongations  over  50%  in  2". 
Frequently,  for  structural  purposes,  the  austenite  may  be  cold  rolled  quite  heavi¬ 
ly,  and  tlm  mechanical  properties  for  various  compositions  and  reductions  are 
tabulated  by  all  the  major  producers.  For  modest  deformations,  the  Bauschinger 
effect^®)  does  not  seem  too  important.  Texture  hardening  (5  7)  may  be  of  interest 
but  does  not  seem  to  have  been  examined  specifically. 

The  effect  of  varying  the  grain  size  of  austenite  on  its  mechanical  proper¬ 
ties  has  not  been  extensively  examined.  In  order  to  obtain  no  undissolved  carbides 
m  the  recrystallized  austenite  in  stainless  steels,  an  annealing  temperature  of 
1G00°C  is  often  usual  although  the  steel  after  mxmt  50%  reduction  by  cold  work  has 
completely  recrystallized  at  about  850-900°C.  Yeo  and  Scott(80)  have  shown  that 
by  adding  a  judicious  amount  of  niobium  to  such  a  steel,  resulting  in  a  precipitate 
of  NbC  which  restrains  grain  growth,  the  conventional  anneal  at  1000°C  can  pro¬ 
duce  a  much  finer  grain  size  and  a  significant  increase  in  mechanical  properties 
(Fig.  10).  Yield  strengths  up  to  56, 000  psi  are  possible  with  Type  304  material 
(0. 07  w/o  C)  containing  about  0.2%  Nb  as  opposed  to  about  35,  000  psi  with  no  Nb. 

The  grain  size  of  austenite  in  SAE  1040  and  51B60  has  been  shown  to  be 
capable  of  considerable  refinement  by  Grange^®)  using  controlled  deformation  and 
recrystallization.  The  combination  of  mechanical  properties  of  the  polycrystallinc 
aggregates  of  ferrite  and  pearlite  formed  from  this  fine  grained  austenite  are 
notably  better  than  those  from  an  austenite  of  "normal"  grain  size  produced  by 
heating  alone  to  the  austenitizing  temperature  followed  by  transformation. 


4 .  The  Effect  of  Transformation  by  D  (formation  on  the  Mechanical  Proper- 
ties  of  Austenite 


It  is  a  well-known  fact  that  under  appropriate  conditions,  austenite  can 
form  martensite  when  deformed  plastically.  This  is  an  important  method  of  hard 
ening  certain  types  of  stainless  steel  (e.g.  Types  301,  201)  by  cold  rolling  or 
drawing  where  it  has  been  known  for  some  time  that  it  is  possible  to  produce  pro 
perties  such  as  those  in  Table  3  for  Type  30l(^). 

At  first  sight,  these  properties  seem  entirely  reasonable  in  view  of  our 
knowledge  on  the  austenite-martensite  transformation.  At  temperatures  below 
that  at  which  the  free  energies  of  austenite  and  martensite  of  the  same  compos¬ 
ition  are  equal  (TQ)  an  appropriately  directed  shear  stress  should  assist  in  the 
transformation's,  100).  q'hus  for  these  steels  whose  Ms  is  around  room  temper; 
ature,  but  whose  is  usually  substantially  above  room  temperature,  deform¬ 
ation  at  room  temperature  will  cause  the  austenite  to  transform.  At  lower  temper 
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TAB T  F  3 


Min.  Y.  S.  (ksi) 

T.  S.  (ksi) 

RA  % 

E%  in  2" 

Annealed 

35-40 

100-105 

60 

50  (min. ) 

1/4  hard 

75 

125 

12  (min. ) 

1/2  hard 

110 

15'' 

68 

7  (min. ) 

3/4  hard 

135 

175 

3  (min. ) 

Full  hard 

140 

185 

3  (min. ) 

atures,  where  the  austenite  is  still  more  unstable,  we  may  expect  transformation 
to  be  even  easier  (Zerolling)!^).  The  properties  of  the  material  will  depend  on 


(a)  the  amount  of  martensite  produced 

(b)  the  relative  work  hardening  rates  of  martensite 
and  austenite  at  the  rolling  temperature 

(c)  the  degree  to  which  martensite  forming  from 
deformed  austenite  inherits  the  defect  structure 
of  this  austenite. 


It  must  also  be  remembered  that  any  measurements  at  room  temperature 
of  the  properties  of  a  steel  rolled  at  sub-zero  temperatures  may  be  affected  by 
the  worksoftening  phenomenon^01).  In  view  of  all  these  complications,  it  is  not 
surprising  that  the  results  are  complicated,  being  quite  sensitive  to  composition, 
amount  and  temperature  of  deformation.  An  interesting  recent  result  by  Breedis 
(102)  for  example  shows  that  for  a  steel  containing  15%  Cr  and  13%  Ni,  an  increas 
ing  amount  of  martensite  from  1  to  40%  formed  during  deformation  gives  about  the 
same  work  hardening  rate  (true  stress  -  true  strain)  as  the  same  steel  in  which  no 
martensite  formed  during  deformation  at  a  higher  temperature. 

Floreen  et  al(102)  have  investigated  a  variety  of  compositions  and  found  that 
following  40%  deformation,  24  hours  at  800OF  caused  a  further  increase  in  strength 
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which  could  be  expressed  with  a  single  parameter  based  on  the  calculated  Mg  of 
the  alloy.  When  the  alloys  contained  moderately  large  amounts  of  Co  (7 “12%)  or 
Co  +  Mo,  an  extra  strength  increase  of  30-40  x.3i  was  found.  There  seems  to  be 
little  synergistic  effect  of  Co  +  Mo,  in  contradistinction  to  the  very  well  marked 
effect  in  the  "maraging"  steels(104)  which  are  based  on  martensites  in  the  iron- 
nickel  system. 

However,  a  closer  inspection  of  all  the  results  on  deformation  strength¬ 
ening  in  these  alloys,  shows  that,  while  the  properties  are  most  welcome,  they 
are  not  easy  to  understand  with  our  present  knowledge.  Consider  the  results  ot 
Floreen  et  al  (103).  The  yield  strength  (0. 2%  offset)  of  as  quenched  low  carbon 
low  alloy  martensite  (with  about  0. 11%  C  +  N)  is  about  150-160  ksi  and  th& 
tensile  strength  about  190  ksi.  At  low  tempering  temperatures  (up  to  800°F)  the 
yield  strength  is  increased  somewhat  for  the  general  class  of  low  carbon  marten 
sites,  1  the  tensile  strength  somewhat  reduced^®3).  A  4340  steel  with  1. 5%  Si 
added,  oil  quenched  and  tempered  at  800°F,  shows  properties  (106)  somewhat 
similar  to  Floreen’s  results 


YS 

230,  000  psi 

TS 

245,  000  psi 

E 

8% 

RA 

50% 

It  is  rather  difficult  to  estimate  work  hardening  rates  for  the  0. 1%  and 
0.4%  carbon  martensites  from  the  data  cited.  The  problems  of  comparison  is 
further  muddied  by  the  fact  that  both  of  these  contain  carbides  either  as  quenched 
(105)  or  ceriainly  after  tempering  prior  to  testing.  Floreen's  deformation  pre¬ 
sumably  produces  martensite  free  of  precipitated  carbides  because  of  the  lower 
Ms;  whether  carbides  precipitate  during  aging  is  not  yet  clear  although  it  seems 
probable.  A  most  interesting  side  observation,  which  has  some  generality,  is 
that  reduction  of  Si  to  below  0. 15%  and  preferably  below  0. 05%  leads  to  significant 
improvement  in  toughness  at  high  strength  levels. 

Thus  we  are  faced  with  the  problem  of  trying  to  understand  how  it  is  pos¬ 
sible  to  produce  a  microstructure  consisting  of  a  mixture  of  deformed  low  eatbon 
martensite  and.  probably  some  retained  austenite,  which  resists  deformation  in 
substantially  the  same  fashion  as  the  tempered  0.4%  C  steels  containing  a  disper¬ 
sion  of  carbides  which  had  long  been  thought  to  be  a  most  efficient^  hardened 
material. 

It  is  thus  natural  to  try  to  assess  quantitatively  the  work  hardening  cha¬ 
racteristics  of  austenite  and  martensite  (and  perhaps  tempered  martensite).  The 
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rate  of  work  hardening  of  austenites  varies  with  composition,  and  temperature  of 
deformation,  at  least  in  part  due  to  the  tendency  to  form  martensite.  The  value 
also  depends  on  the  amount  of  deformation  in  polycrystalline  material,  being 
largest  at  low  strains  as  is  customary.  Some  approximate  values  are  given  in  the 
table  below  obtained  largely  from  material  rolled  and  then  tested  in  tension. 


TABLE 


„  Average  Change  in  Yield  Stress 

Composition  per  %  ieformatlon  Strain  Range  Ret. 


Fe-30  Ni 

1200  psi 

0-35  % 

107 

Type  308 

3000  psi 

0r20  % 

99 

2500  psi 

0-40  % 

Type  301 

4000  psi 

0-20  % 

99 

3000  psi 

0-40  % 

Fe-20  Cr-20  Ni]* 

20  Cr-16  Ni  \ 

500-700  psi 

0-40  % 

89 

20  Cr-12  Ni 


*  Tensile  tests  on  single  crystals  between  -77°C  and  150°C 
Values  are  for  slope  of  Stage  II  (108)  of  the  curve 


Values  for  the  strain  hardening  of  carbide  free  martensite  are  scarce.  In 
Fe-30  Ni,  the  value  is  comparable  to  that  for  austenite,  i.e.  1200  psi/%(10?). 


5.  Precipitation  Hardening  of  Austenite 


This  topic  has  been  extensively  reviewed  recently  (109-111)  ancj  WjH  oniy 
be  summarized  briefly  here. 

Solid  solution  hardening  of  austenite  is  slight  so  this  is  not  useful  directly; 
however  alloying  elements  do  modify  the  lattice  parameter  and  thus  influence  the 
properties  after  precipitation  of  the  various  possible  phases.  Simple  carbide  pre- 
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eipitation  is  not  very  helpful — the  hardening  is  slight  and  the  tendency  iu  overage 
is  pronounced.  Carbides  of  Ti  and  Nb  are  more  useful  because  they  precipitate 
and  remain  at  higher  temperatures.  They  do  not  cause  much  strengthening  at 
room  temperature  directly,  although  as  we  have  seen,  they  may  do  so  because 
of  a  refining  effect  on  grain  size  (80).  They  are  of  more  interest  at  high  temper¬ 
atures,  where  the  more  subtle  properties,  such  as  rupture  ductility,  may  be  in¬ 
fluenced  by  changing  the  strain  associated  with  precipitation  by  control  of  the 
lattice  parameter. 


Intermeiallic  compounds  can  have  significant  effects  on  both  low  and  high 
temperature  properties.  In  general,  the  fee  f1  phase  based  on  the  ordered  LIg 
structure  seems  to  be  the  most  efficient.  Ti  is  the  most  useful  addition  when 
present  as  Ni„  (TiAl).  This  is  a  transition  phase  in  most  commercial  alloys,  the 
equilibrium  phase  being  N^Ti,  a  hexagonal  structure. 

Many  of  the  other  compounds  possible  in  the  various  alloys  (e.g.  Laves’, 

^ ,  <f  and  G  phases)  are  deleierious,  especially  if  they  cause  discontinuous 
(cellular)  precipitation.  They  can  be  controlled  somewhat  by  control  of  quenching 
processes,  to  limit  matrix  strains,  and  by  limiting  the  amount  of  precipitating 
phases  especially  by  control  of  maximum  A1  and  Ti  additions. 


— _ 
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PROPERTIES  OF  FERRITE 


Introduc  tion 


More  of  ‘he  b.c.c.  phase  of  iron  is  produced  each  year  than  any  other 
metal.  It  is  rarely  used  alone,  or  in  the  purest  possible  condition;  often,  indeed 
usually,  this  is  deliberate  although  there  are  probable  areas  of  use  where  addition 
al  economical  selective  purification  would  probably  be  helpful.  For  the  most  part 
the  alloys  are  as  close  to  iron-carbon  as  possible  for  cost  considerations;  any 
alloying  element  deliberately  added  must  be  justified  on  the  basis  of  significantly 
improved  properties  or  the  impossibility  of  producing  the  desired  structure  and 
properties  in  the  necessary  size  and  shape,  or  to  control  undesirable  side  effects 
which  are  not  related  to  the  principal  properties. 

It  is  then  of  interest  to  study  the  properties  of  "pure"  ferrite  so  that  we 
may  distinguish  between  inherent  effects  and  those  caused  by  alloying  elements . 
Many  investigations  have  been  carried  out  on  "iron"(l*2)«  Its  extreme  sensitivity 
to  interstitial  impurities  has  caused  the  nominal  "properties"  to  vary  as  improved 
techniques  are  developed.  The  problem  is  further  complicated  by  difficulties  with 
analysis  in  the  very  low  ranges;  unfortunately  these  difficulties  are  not  least  for 
those  elements  to  which  the  properties  are  very  sensitive,  e.g.  C,  N. 


1.  Lattice  Imperfections  in  Ferrite 


Many  of  the  properties  in  which  we  are  interested  are  of  course  related  to 
the  lattice  imperfections  (of  various  dimensionality)  and  their  interaction.  A  large 
number  of  studies  have  been  made  of  these  imperfections,  and  it  would  be  inappro 
priate  to  try  to  summarize  them  completely  here  in  view  of  many  recent  reviews. 

Briefly,  from  self  diffusion  studies  on  iron,  the  sum  of  formation  and 
migration  energies  at  high  temperatures  for  vacancies  is  about  2.5  eV. 
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Attempts  to  break  this  down  by  the  methods  used  for  fee  metals  have  not 
been  particularly  successful.  Probably  because  the  activation  energy  for  migration 
is  quite  low,  all  the  vacancies  in  thermal  equilibrium  at  a  high  temperature  cannot 
be  retained  on  quenching.  Irradiation  and  plastic  deformation  at  low  temperatures 
produce  defects;  the  kinetics  of  annealing  these  defects  can  be  followed  by  resis¬ 
tivity  measurements  but  the  spectrum  is  complex.  The  problem  is  further  complj. 
cated  in  iron  because  of  possible  interactions  between  interstitials  and  vacancies(H4). 

The  movement  of  dislocations  and  their  interactions  have  been  studied  by  a 
variety  of  techniques.  Iron  probably  has  no  unique  slip  plane,  and  because  of  easy 
cross  slip  of  screw  dislocations  can  readily  form  cells  on  deformation  at  room 
temperaturel^-S).  At  lower  temperatures,  cross  slip  may  be  apparently  some¬ 
what  more  difficult  and  a  moderately  uniform  pattern  of  straight  dislocations 
exists  after  a  few  per  cent  strain  at  193°K  At  temperatures  in  the  c  reep 

range,  structures  with  the  regular  crossed  grids  (as  in  specimens  strained  at 
lower  temperatures  and  recovered)^  1®)  are  produced. 

In  some  cases,  dislocations  appear  to  be  generated  from  grain  boundaries 
(117),  possibly  from  ledges.  To  provide  the  observed  densities,  multiplication 
must  occur.  Both  FrankRead  and  Koehler-Orowan  ("double  cross-slip")  mechan¬ 
isms  could  be  operative. 

The  important  subject  of  the  quantitative  relations  between  the  stresses  to 
move  dislocations  of  various  kinds  and  the  dislocation  velocities  has  received 
much  attention  in  iron,  in  part  due  to  its  importance  in  brittle  fracture  of  irons 
and  steels(l48).  The  problem  is  difficult  to  attack  directly,  especially  in  pure  iron 
and  a  number  of  more  or  less  indirect  approrches  have  been  made. 

The  important  practical  consequence  of  dislocation  mobility  is  the  marked 
increase  in  flow  stress  with  decreasing  temperature.  Considerable  efforts  have 
been  made  to  determine  if  this  is  due  to  an  inherent  property  of  the  dislocation, 
st'cci  as  the  Peierls’  force,  or  if  it  is  due  to  interaction  of  the  dislocation  with  im 
purity  atoms. 

The  experiments  of  Stein  and  Low(H®)  on  3%  jron  which  measured 
elocities  of  (110)  edge  dislocations,  support  the  idea  of  a  strongly  temperature 
dependent  Peierls’  stress  in  this  material.  However,  more  recent  experiments 
by  Stein,  Low  and  Seybolt(-^)  have  shown  in  pure  iron  single  crystals  that  by 
using  extremely  pure  hydrogen  to  remove  carbon  and  nitrogen,  the  temperature 
dependence  of  the  flow  stress  is  much  reduced.  Thus  the  problem  of  the  dominant 
resistance  to  flow  is  not  yet  resolved. 

The  effects  of  grain  boundaries  in  ferrite  are  extremely  important,  and 
are  used  extensively  in  practical  metallurgy.  Ferrite  grain  size  may  be  control¬ 
led  by  transformation  of  austenite,  by  tempering  of  marler..site,  or  by  recrystal- 
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lization  following  cold  work.  Although  a  good  deal  of  practical  experience  has  been 
obtained  over  the  years,  our  understanding  of  nucleation  and  growth  rates  is  still 
rudimentary.  It  seems  very  possible  that  a  complete  quantitative  picture  will  never 
be  available,  but  even  qualitative  concepts  have  proved  useful  e.g.  Grange's  work 
on  reducing  ferrite  grain  size  by  reducing  austenite  grain  size,  (98)  control  of 
forming  qualities  by  control  of  texture  of  deep  drawing  sheeti*2^,  improvement 
of  strength  and  impact  properties  of  cheap  ferritic  structural  steels  by  additions 
of  Nb(121). 

To  illustrate  the  application  of  many  different  ideas  applied  to  ferrite  and 
resulting  in  a  commercial  product,  we  may  3tudy  briefly  the  factors  among  which 
a  choice  must  be  made  in  the  manufacture  of  high  quality  deep  drawing  sheet. 


Production  of  Deep  Drawing  Sheet 


The  product  desired  is  ideally  a  material  which  will  stretch  under  uniaxial 
or  bi-axial  tension,  drawing,  or  bending  under  tension  without  fracture,  which  will 
require  relatively  low  loads  to  produce  this  deformation,  which  at  areas  where  the 
strain  is  small  (of  order  a  few  per  cent)  will  not  deform  discontinuously  producing 
"stretcher  strains",  which  will  not  strain  age,  and  which  has  a  small  grain  size  to 
avoid  "orange  peel"  caused  by  uneven  deformation  near  grain  boundaries  and  at  the 
center  of  the  grains.  To  produce  even  some  of  these  desired  properties  in  such  a 
material  requires  quite  sophisticated  physical  metallurgy  especially  when  operated 
within  the  constraints  of  a  highly  competitive  market  place. 

It  may  be  helpful  to  tabulate  some  of  the  choices  which  may  be  made  in  the 
production  of  this  material,  and  see  how  these  influence  the  ultimate  properties. 

Of  necessity,  the  following  is  somewhat  over-simplified. 


Manufacturing  Step 

Choices 

Properties  known  or 
believed  to  be  affected 

1 .  Composition  of 

steel 

%  c 

%  N 

%o 

Si,  Mn#  etc. 

^ -  £.  curve, 
aging 

2.  Deoxidation 

practice 

Rimming 

Killed 

Ingot  yield  and  surface 
grain  size,  Rf  values. 

aging 
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3.  Hot  rolling 

4.  Coiling  temperature 

5.  Cold  Reduction 

6.  Annealing  Practice 


7.  Cooling 

8.  Temper  Rolling 


Number  and  %  Grain  size  (orange 

reduction  of  peel)  R  value 

passes 

Finishing  temperature 

High 

Low 

As  for  3 

Amount 

R  value,  d  g.  s. 

Method  (box  anneal, 
continuous  anneal 
either  conventional 
or  compact,  or  open 
coil)  Atmosphere. 

T-t  cycle 

Hardness,  o<  grain 
size,  R  and  n*  values, 
strength,  aging,  sur¬ 
face  properties  and 
composition 

T-t  cycle 

Aging  behavior 

Amount 

Time  before  use 

Aging,  -  ^curves 
(n  values) 

?  R  is  an  approximate  measure  of  the  preferred  orientation  in  the  sheet. 

It  is  defined,  following  Lankford  et  al(122)  as 

In  Wi/Wf 
In  Ti/Tf 

where  W  and  T  are  the  width  and  thickness  of  the  gage  section,  and  the  subscripts 
i  and  f  refer  to  the  values  of  W  and  T  before  and  after  straining  in  the  range  of 
uniform  elongation. 

*If  the  true  stress-true  strain  curve  can  be  approximated  by 

6 >tu 

this  equation  defines  n.  It  can  be  shown  that  n  is  the  true  strain  at  maximum  load. 


Among  the  scientific  problems  which  are  imperfectly  understood.  5  may 
list  the  following. 
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(a)  Mechanical  properties  of  solid  solutions  and  aggregates  (of  known 
interest  in  steps  1,  5,  6,  8). 

(b)  Control  of  melt  chemistry  and  its  influence  on  solidification,  nota¬ 
bly  segregation. 


(c)  Nucleation  (Steps  1,  2,  6,  8)  and  growth  of  one  phase  in  another 
(Steps  2  (£from<y ),  4  (C^from^  ),  7  (FegC  and  FexN  from  2). 


(d)  Recovery,  recrystallization  and  grain  growth  (Steps  3  (^),  4  (O*), 

6  (n). 

(e)  Development  of  textures  (Steps  3,  4,  5  and  6). 


(f )  Interaction  of  interstitial  atoms  with  lattice  defects  (Steps  6,  7,  8). 


3.  Further  Observations 


(a)  R  &  n  values  Both  R  and  n  have  been  suggested  as  useful 

measures  of  formability.  High  R  values,  for 
example,  correlate  with  good  drawability  of  cup  shapes.  High  n 
values  seem  to  correlate  with  superior  ability  in  stretch  forming. 
However,  while  high  R  and  high  n  values  almost  always  assure  good 
formability,  ocasionally  material  with  low  R  values  is  also  good,  so 
once  again  knowledge  is  still  in  the  beginning  stages . 

It  appears  that  sheets  with  high  R  values  (£  1  •  5)  have  a  substantial  fraction 
of  (111)  [ilqj  oriented  grains.  This  is  often  approached  most  readily  by  a  cold 
reduction  of  about  70%  prior  to  annealing.  90%  reduction  tends  to  develop  (111) 
£ll2l  and  99%,  followed  by  a  1600°F  anneal,  (100)  £012]  ,  with  resulting 
smaller  R  values.  The  difference  in  preferred  orientation  between  rimmed  and 
killed  steels  is  not  large,  although  the  killed  steels  are  usually  superior  in  draw- 
ability.  At  one  time,  the  "pancake-grains"  of  A1 -killed  material  were  thought  to 
be  responsible  for  this  effect,  but  more  recently  this  has  been  questioned^3). 

It  is  apparent  that  this  whole  subject  could  profit  by  a  detailed  study  of 
texture  generation  in  iron  of  various  purities  and  initial  structures  given  a  variety 
of  treatments.  The  situation  is  perhaps  not  too  dissimilar  from  that  prior  to  earlier 
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attacks  on  two  interesting  textures  —  the  famous  cube  textures  in  copper  and  3% 


; _  T _ *L  -  r 


_ -ft. 
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fulfilled)  commercial  interest. 


We  may  note  here  that  texture  studies  alone  are  inadequate  to  describe 
forming  behavior.  Because  of  the  different  stress  systems  involved  in  the  range 
of  commercial  forming,  no  one  parameter  or  test  seems  currently  to  be  adequate. 


(b)  Work  Hardening  The  relation  of  work  hardening  to  identifiable 

parameters  in  low  carbon  steels  is  difficult. 
In  f.  c.c.  single  crystals,  elaborate  theories  have  been  evolved  for 
work  hardening  behavior  (108).  In  all  of  these,  the  prediction  is 
made  that 


0  =  +  A  GbV  p 

where  tfo  and  A  are  constants 
G  is  the  shear  modulus 
b  is  the  Burgers'  vector 

^  is  a  dislocation  density  (sometimes  forest,  sometimes 
Taylor  parallel) 


Experiments  on  various  fee  metals  confirm  this  quite  well  in  single  crystals 
and  even  in  some  polycrystalg.  The  work  hardening  of  iron  and  other  bcc  crystals 
are  not  nearly  so  well  categorized.  The  characteristic  three  stages  of  hardening 
are  only  rarely  observed(-*^).  Extension  to  polycrystals  in  terms  of  the  parameters 
of  dislocation  structures  has  been  made  by  Keh(125).  He  finds 


0.2 


where  kf  is  the  dislocation  density  in  cell  walls. 


form 


It  is  not  possible  however  to  express  Keh's  "stress-strain”  results  in  the 


perhaps  because  at  low  strains  the  deformation  was  not  sufficiently  homogeneous. 
The  specimens  were  50-75  ••  thick  after  ^oiling,  and  the  initial  grain  size  was  20« . 
Thus  a  substantial  fraction  of  the  specimen  was  "surface  grains"  without  the  con¬ 
straints  of  interior  grains. 

Further,  Stephenson (126)  has  shown  that  the  work  hardening  rate  of  an 
aluminum-killed  low-carbon  steel  is  independent  of  the  amount  of  dissolved  carbon, 
but  the  uniform  elongation  decreases  as  the  carbon  in  solution  increases  to  0.  Ol^o. 
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Thus,  either  real  behavior  deviates  substantially  from  the  parabolic  hardening  or 
maximum  load  is  not  determined  by  plastic  instability.  It  would  seem  to  be  well 
worth  while  Id  try  to  perform  metallographic  studies  on  the  failure  of  deep  drawing 
sheet  analogous  to  those  performed  on  copper  (containing  oxide  inclusions)  by 
Puttickv127)  and  Rogers  (128). 

Stephenson^26)  has  also  measured  a  variety  of  properties  as  a  function  of 
carbon  in  solution  in  poly  crystalline  ferrite,  as  defined  by  internal  friction  ex¬ 
periments.  Yield  and  tensile  strengths  increase  substantially. 

(e.g.  YS  =  28, 800  +  (0. 75  x  106)  w/'oC  psi), 

total  and  uniform  elongations  decrease  noticeably  and  the  strain  aging  index  in¬ 
creases  markedly  with  increasing  carbon  in  solution. 

These  properties -will  thus  be  influenced  by  the  rate  of  cooling  from  the  re 
crystallization  anneal  since  it  is  this  rate  which  fixes  kinetically  the  amount  of 
residual  carbon  and  nitrogen  in  solution.  An  exception  occurs  when  open  coil 
annealing  techniques  are  used  since  the  co  ncentration  of  C  and  N  because  they 
stay  in  solution,  can  now  be  approximated  from  thermodynamic  considerations . 

In  general,  nitrogen  because  of  its  higher  solubility  should  dominate  carbon  in 
producing  the  effects  above. 


4.  Conclusions  on  Ferrite 

In  spite  of  a  great  volume  of  work  on  "iron",  it  is  not  clear  that  we  have 
yet  reached  a  material  whic..  is  sufficiently  pure  that  its  properties  will  not  change 
further  with  increasing  purity.  Analysis  problems  are  also  severe,  and  it  will  not 
be  easy  to  get  around  them. 

Thus,  all  work  designed  to  giV$  answers  to  the  scientific  questions  must 
be  suspected  to  some  extent  of  containing  unknown  interaction  effects.  For  some 
more  practical  problems,  where  absolute  purity  is  not  relevant  in  aay  case,  con 
siderable  progress  has  bee^  made  recently  but  there1  is  room  for  clear  under¬ 
standing  in  many  areas.  Examples  are  control  of  textures,  either  by  deformation 
and  annealing,  or  even  by  transformation  from  austenite,  work  hardening  and 
ductile  fracture  initiation  in  oriented  structures,  perhaps  beginning  with  single 
crystals  under  biaxial  stresses,  and  continuing  efforts  on  the  role  of  interstitials 
in  various  phenomena  such  as  brittle  fracture,  aging,  work  hardening  and  control 
of  grain  size. 
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PROPERTIES  OF  MARTENSITE 


Introduction 


The  ability  of  austenite  to  transform  in  a  diffusionless  manner  to  marten¬ 
site  is  one  of  the  main  reasons  why  steel  is  an  important  structural  material, 
especially  when  good  strength  to  weight  ratios  are  necessary.  Because  higher 
carbon  martensites  have  little  resistance  to  impulsive  loads,  they  are  frequently 
used  after  precipitation  of  carbides  by  a  reheating  operation.  For  lower  carbon 
materials,  the  Mg  temperature  is  sufficiently  high  that  some  carbides  precipitate 
in  the  martensite  during  even  a  quite  rapid  quench^ Aging  effects  occur  at 
room  temperature  or  even  somewhat  below,  so  to  study  the  properties  of  "marten 
site"  per  se  is  not  so  obvious  as  it  might  at  first  appear.  An  elegant  method  was 
devised  by  Winchell  and  Cohen  (l29)  who  added  moderately  large  quantities  of 
nickel  thereby  lowering  Mg  to  prevent  carbide  precipitation  while  only  altering 
the  properties  in  a  minor  fashion,  for  which  reasonable  corrections  could  be 
made. 


They  were  able  to  obtain  values  for  hardness  at  room  temperature  both 
with  and  without  some  carbide  precipitation.  Precipitation  causes  a  noticeable, 
but  not  dominant,  change  in  hardness.  The  flow  stress  as  a  function  of  temper¬ 
ature  for  various  compositions  parallels  the  curve  for  polycrystalline  iron  but  is 
displaced  to  higher  values  by  an  approximately  constant  amount.  The  magnitude 
of  this  shift  in  flow  stress  is  a  function  of  carbon  content  reminiscent  of  the  change 
in  hardness. 

The  properties  of  tempered  martensites  ai-e  of  great  industrial  interest 
but  have  been  discussed  at  length  in  many  places  (")>  (147),  and  thus  v/ill 

not  be  reviewed  here.  We  note  in  passing  an  interesting  recent  development  by 
Honeycombed29)  and  his  co-workers  who  have  shown  significant  effects  on  sec¬ 
ondary  hardening  by  quite  small  additions  of  unusual  elements  such  as  gold  and 
uranium.  The  reasons  for  the  phenomenon  are  still  not  well  understood.  We  shall  nG-.v 
consider  martensite  itself,  and  to  do  this  intelligibly  it  will  be  necessary  to  brief¬ 
ly  discuss  what  is  known  of  the  structure,  mechanism  of  formation,  and  inherent 
properties. 
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1 .  The  Structure  and  Properties  of  Martensite 


The  acicular  microstructure  characteristic  of  martensite  has  long  been 
known,  as,  for  high  carbon  materials,  has  its  tetragonal  crystal  structure.  How¬ 
ever,  high  resolution  optical  microscopy  and  replica  electron  metallography  did 
not  cast  much  further  light  on  the  detailed  internal  structure  of  martensite. 
Transmission  microscopy  of  thin  films,  initially  by  Kelly  and  Nutting(^*)  has 
however  been  fruitful  in  suggesting  some  of  the  details  inside  a  single  martensite 
plate. 


In  discussing  these  details,  it  may  be  helpful  to  characterize  the  different 
bcc  products  which  can  form  from  austenite.  The  classic  "plate"  martensite  in 
high-carbon  iron  alloys  or  iron-30%  nickel  forms  on  a  habit  plane  well  removed 
from  (100)jf,  (110)y  or  (111)^  with  a  shear  angle  of  order  11°.  The  strain  energy 
is  large,  and  the  undercooling  below  T0  is  about  200°  corresponding  to  a  driving 
force  approaching  300  cal/mol  of  austenite.  It  may  be  shown  that  an  invariant 
plane  strain  on  the  habit  plane  will  produce  the  observed  shape  change  but  will  not 
produce  a  bcc  or  bet  lattice.  To  accomplish  this,  heterogeneous  displacements, 
either  slip  or  twinning,  have  been  proposed  to  produce  the  correct  lattice  corre¬ 
spondence  and  orientation  relationships (-*-32)  and  have  been  observed  by  many 
workers. 

There  is  a  second  morphology  of  martensite  which  tends  to  form  as  "laths” 
in  often  associated  in  clusters  on  ^  111  j  %  .  This  is  often  found  in 

lower  carbon  martensites,  and  in  some  of  the  transformable  austenitic  stainless 
steels.  A  shear  is  associated  with  this  type  of  transformation.  The  free  energy 
change  is  not  known  too  exactly  but  is  perhaps  100  cal/mol. 

The  third  mechanism  of  austenite  transformation  which  gives  a  bcc  or  bet 
structure  is  the  "massive"  type.  This  occurs  generally  at  low  supersaturations 
and  does  not  involve  a  cooperative  displacement  of  atoms  with  its  associated  sur¬ 
face  shear.  The  free  energy  change  is  again  a  few  tens  of  cal/mol. 

On  apparently  rather  rare  occasions,  martens  He  can  also  form  at  a  free 
surface  'out  forming  throughout  the  bulk  of  a  specimen  (133), 

The  crystallography  of  these  transformations  has  been  extensively  examined 
in  an  attempt  to  understand  the  possible  homogeneous  and  heterogeneous  shears 
which  could  explain  all  the  facts.  Some  of  the  predicted  structures  from  the  various 
possible  assumptions  are  indeed  observed  by  thin  film  techniques  but  there  are  still 
some  problems  remaining.  E.g  what  is  the  nucleus  for  martensite?  How  is  the 
detailed  structure  related  to  properties?  What  fixes  the  choice  between  slip  and 
twinning  as  the  heterogeneous  shear? 


!d;stc  martensite  is  characterized  by  the  presence  of  fine  (_il2  )  twins, 
a  te\.  tens  of  Angstroms  wide  with  a  separation  comparable  to  their  thickness. 

The  t.vins  do  not  always  occupy  all  of  the  martensite  plate,  and  when  they  are 
.  resent  down  the  center  may  account  for  the  mid-rib  observed  in  the  optical  mi¬ 
croscope.  Slip  is  observed  where  there  are  no  twins.  The  internal  struetui'e  of 
martensite  of  course  also  plays  a  role  in  carbide  precipitation  during  tempering 
and  thus  influences  the  engineering  proper!  ies  of  materials  used  in  practice. 

Lath  martensite  shows  no  twins;  all  the  heterogeneous  shear  is  by  slip, 
•ludies  are  under  way  on  the  internal  structure  and  the  properties  of  the  massive 
transformation  products;  they  appear  to  be  appreciably  softer  than  carbon-free 
m  a  rtens  ites  (T34)  _ 

It  has  long  been  established  that  the  hardness  of  martensite  is  a  sensitive 
function  of  carbon  content(59).  Many  reasons  for  this  have  been  proposed  some¬ 
what  unconvincingly (135^  Winchell's  work,  in  collaboration  with  Cohenl^D), 
mentioned  earlier,  has  suggested  that  the  internal  defect  structures  observed 
have  little  to  do  directly  with  hardness,  but  that  this  is  due  primarily  to  solid 
solution  strengthening  by  carbon. 

There  appears  to  be  little  doubt  that  this  is  true  although  the  details  of  the 
processes  .  suggested  are  perhaps  not  yet  finally  settled.  Nitrogen  has  a  very 
similar  partial  molai  volume  in  martensite  to  carbon  and  should  thus  behave  sim¬ 
ilarly  if  strain  energy  effects  are  dominant.  Reports  are  somewhat  conflicting.  In 
a  series  of  careful  experiments  on  steels,  Nehrenberg,  Payson  and  Lillyj(136) 
showed  nitrogen  was  less  effective  than  carbon  as  a  hardening  agent.  On  the  other 
hand,  Owen(137)  reports  that  in  Fe-N  alloys,  the  hardness  is  very  similar  at 
equivalent  atomic  concentrations  to  Fe-C  alloys. 

Owen  has  also  suggested  recently(*37)  that  the  measurements  of  his  group 
at  high  cooling  rates  to  produce  low  carbon  martensite  (^fO,  6  w/o  C)  show  that 
this  may  be  cubic  rather  than  tetragonal;  the  explanation  involves  using  the  ideas 
on  entropy  of  mixing  of  carbon  atoms  originally  developed  by  Zener(^8)#  If  this 
is  true,  it  may  be  responsible  for  giving  the  change  in  internal  structure,  slip  in. 
cubic  (low  carbon)  martensites  as  the  inhomogeneous  deformation,  and  twinning 
in  the  tetragonal  (higher  carbon)  martensites.  Alloying  elements  change  the  en¬ 
tropy  contribution  by  changing  M  to  permit  tetragcnality  to  lower  carbon  contents. 
The  idea  is  intriguing  and  should  perhaps  be  explored  further. 

At  very  lo\.  carbon  contents,  there  are  also  some  interesting  effects  on  the 
austenite-martensite  transformation.  It  has  long  been  debated  whether  pure  iron 
could  or  would  transform  martens itically  but  it  now  seems  to  be  accepted  that  the 
c.  periments  of  Sau veu  r  and  Chou(^^9)  jn  192^  did  in  fact  do  this.  Recently,  the 
i ; feels  of  small  amounts  of  interstitials  have  been  reinvestigated  by  several 
.  orters.  Philibort(l-iO)  aud  Woodilia  ct  al  showed  that  stabilisation  of 
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austenite  necju ined  carbon,  and  Ygo^^)  shov/sd  considsrsbls  isothcnnsl  trEnc* 
formation  to  martensite  in  iron  -  25%  nickel  alloys  if  the  carbon  were  sufficiently 
low.  Bibby  and  Parr(44^)  have  looked  at  the  Mg  of  iron-carbon  alloys  as  a  funct¬ 
ion  of  carbon  and  show  that  the  magnitude  seems  to  be  very  sensitive  to  composi 
(ion  below  0.01  w/c  C. 


Carbon  contents  up  to  0. 15-0. 20%  produce  interesting  engineering  mater¬ 
ials  as  quenched  in  that  they  are  quite  strong  but  can  have  good  ductility^105* 

.  Sejnoha(145)  has  examined  some  of  the  time  dependent  processes  which  oc- 
ut‘  after  quenching  and  concluded  that  a  considerable  number  of  "free"  dislocat¬ 
ion^  exist  in  as  quenched  low  carbon  steels.  These  free  dislocations  probably  in 
ox-  e  the  low  values  of  plasticity  and  resistance  to  delayed  fracture  character¬ 
istic  of  as  quenched  materials.  Low  tempering  temperatures  thus  act  both  to  pin 
the  free  dislocations,  perhaps  by  vacancies,  in  addition  to  precipitation  of  an  iron 
carbide . 


It  is  apparent  that  our  ideas  on  martensite  are  in  a  state  of  flux  and  thus 
it  seems  pointless  to  discuss  martensite  further  until  more  data  is  at  hand  to 
answer  some  of  the  dilemmas. 

Interesting  practical  offshoots  which  have  been  explored  with  great  interest 
recently  are  the  production  of  martensite  from  deformed  austenite.  Some  of  these 
processes  {e.g.  ze rolling)  have  been  discussed  briefly  earlier;  the  "ausforming" 
process  involves  transformation  following  rather  than  during  cold  working.  It  ap¬ 
pears  that,  in  this  process,  by  producing  a  substantial  dislocation  density  in  the 
austenite  and  causing  stable  carbides  to  precipitate  on  these  dislocations,  the 
martensite  produced  on  subsequent  cooling  is  stronger  and  tougher,  presumably 
by  some  sort  of  inheritance.  The  structure  of  the  martensite  may  also  be  changed 
from  "twinned"  to  "slipped"  following  a  change  in  composition  of  the  austenite  due 
to  carbide  precipitation.  Details  of  the  mechanism  of  the  extra  hardening,  and 
methods  of  true  practical  application  are  being  studied  very  actively,  and  a  review 
seems  premature  in  this  report. 


CONCLUSIONS 


Re-examination  of  some  of  the  "well-known"  properties  of  steel,  triggered 
in  part  by  the  availability  of  thin  film  microscopy,  but  also  by  a  general  refine¬ 
ment  of  other  techniques,  has  created  nothing  less  than  a  revolution  in  the  steel 
industry.  There  are  several  beautiful  examples  of  the  phenomenon  of  "coupling" 
i.e.  the  application  of  ideas  generated  in  basic  research  on  a  variety  of  materials 
to  specific  problems  in  the  production  of  steels  for  .various  purposes. 


It  seems  highly  probable  that  a  good  deal  of  improvement  in  steels  can  he 
made  by  proper  application  of  our  present  knowledge,  and  that  new  knowledge  can 
perhaps  be  applied  more  easily  as  the  microscopic  approach  to  understanding  of 
properties  becomes  widespread. 


Strength  and  ductility  are  perhaps  presently  understood  better  than  some 
other  properties  although  much  remains  to  be  learned.  A  good  deal  of  progress 
remains  to  be  made  in  areas  such  as  hot  and  cold  formability,  joining,  the  use  of 
proper  design  for  very  anisotropic  microstructures  (such  as'  strongly  textured 
metals  and  composites),  and  finally  the  ever-present  worrying  area  involving 
crack  propagai  ion  by  fatigue,  impact,  stress  corrosion,  etc.  These  are  not  easy 
problems,  they  often  involve  poorly  defined  situations,  and  a  major  difficulty  is 
to  know  where  to  start.  However,  if  they  can  be  made  to  seem  "respectable"  in 
the  eyes  of  the  scientist  interested  only  in  knowing  ’Why",  by  people  doing  good 
work  in  the  area  of  knowing  "how",  and  if  these  groups  continue  to  interact  strong 
ly,  continued  steady  progress  must  surely  result. 
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FIGURE  CAPTIONS 


Figure  1 


Figure  2 
Figure  3 


Figure  4 


Figure  5 


Figure  5 


Figure  7 
Figure  8 


Figure  0 


Separation  of  G00  -  G**  into  magnetic  and  non -magnetic  par+s(~). 
KC‘W  refers  to  values  from  reference  (3‘;  X  are  experimental 
from  (6)  and  (7). 

The  effect  of  pressure  on  the  phase  transformations  in  iron. 

Various  values  for  ^  and  in  Fe-Cr  alloys  between  1040^0 
and  1300°C.  Hroken°^nes  are^Raoult’s  law;  iron  activities  are 
calculated  from  those  of  chromium  by  the  Gibbs- Du  hen  equation. 

Comparison  of  observed  and  calculated  austenite  percentage  for 
twelve  steels  containing  chromium 

Solubility  of  carbon  in  austenite  in  iron-chromium-  carbon  alloys. 
For  illustrative  purposes,  the  carbide  with  which  the  austenite  is 
in  equilibrium  at  temperatures  below  the  arrow  is  assumed  to  be 
of  constant  composition.  This  same  composition  of  carbide  is  in 
equilibrium  with  austenite  above  the  arrow;  steels  t  f  the  compo¬ 
sitions  3hown  are  of  course  in  the  fully  austenitic  condition  at 
temperatures  above  the  arrow. 

Grain  boundary  film  half  thickness  versus  the  square  root  of  growth 
time  for  steel  C  (i.2%C,  0.25%  Si)  and  steel  F  (1.16%C,  0,001  %Si) 
reacted  at  SOo^C,  along  with  the  curve  calculated  for  steel  F  a c 
8CQ°C  assuming  carbon  diffusion  to  be  the  rate  controlling  step. 

Stacking  fault  energies  of  various  austenites. 

Stress-strain  curves  for  single  crystals  of  Co-Ni  alloys  at  various 
temperatures.  The  orientation  of  the  crystals  was  near  the  Q 011 1 
corner  of  the  unit  triangle. 

Stress-strain  curve*  fcr  single  crystals  of  Fe-20%  Cr~20%  -Si.  T‘  • 
orientation  was  close  to  the  [00lj  -  f  111)  line  and  about  20°  tiom 
QiOlJ. 
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Figure  10  Effect  of  process  annealing  temperature  prior  to  cold  work  and 
final  anneal  at  1800°F  on  yield  strength  of  Type  304  base  alloy 
containing  0. 07%  C.  The  process  anneal  affects  the  amount  of  NbC 
(CfcC)  available  to  anchor  grain  boundaries. 


Dependence  on  Temperature  of  the  Free  Energy  of  Pure  Iron 


Effect  of  Pressure  on  the  Phase  Transformations  in  Iron 
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Fig.  3  Activities  of  Chromium  and  Iron  in  Fe-Cr  Alloys:  ©  13002  C; 

•  12000  C,  c  10400  C;  X  1341  oc  to  1370 oc  (Kubaschewski  and 
Heymer);  A  12050  C  to  1249®  (McCabe  et  al. )  and  D  11000  to 
13000  C  (Vintaikin).  Broken  Lines  Raoultian  Ideal;  Iron  Activities 
by  Gibbs-Duhem  Treatment  of  Chromium  Curve 


Fig.  4  Comparison  of  Observed  and  Calculated  Austenite  Percentage  for 
Twelve  Steels  Containing  Chromium 
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Compositions  of  Austenite  in  Equilibrium  with  Carbides 
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Carbide  Film  Half  Thickness  vs.  the  Square  Root  of  Growth  Time. 
Comparison  Between  Calculated  and  Experimentally  Determined 
Values 


Fig.  7  Effect  of  Nickel  Content  on  the  Apparent  Stacking  Fault  Energy 
of  Cr-Ni  Steels 


fIl-6o 


**5*s 


VI I -61 


Fig.  9 


Representative  Stress  Strain  Curves  for  Austenite  Single  Crystals 
Extended  at  Various  Temperatures 
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Fig.  10  Effect  of  Process  Annealing  Temperature  Prior  to  Cold  Work  and 
Final  Anneal  at  18005  C  F  on  Yield  Strength  of  Type  304  Base  Alloy 
with  0. 07%C 
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NEW  AMERICAN  ULTRA  HIGH- STRENGTH  STEELS 


by  F.  R.  Morral* 


About  35  yeais..jo*  the  development  of  .heat-treating  techniques  permitted 
production  and  use  of  alloy  steels  with  yield  strengths  of  70  kg/mm2.  Recently, 
because  of  the  needs  of  the  aircraft  and  missile  industries  for  materials  with 
high-strength-density  ratios,  the  ultrahigh-strength  steels  have  been  developed. 
These  have  yield  strengths  of  176  kg/mm2  and  above.  Some  engineers  are  begin¬ 
ning  to  think  of  steel  as  a  "light”  material,  since  each  metallurgical  advance  adds 
kg/mm2  to  its  strength  and  thus  allows  each  gram  of  steel  to  support  more  weight. 

One  challenge  for  the  development  of  these  steels  is  that  strengths  of  iron 
whiskers  of  nearly  1400  kg/mm2  have  been  observed,  while,  theoretically,  the 
strengths  have  been  calculated  to  be  about  2800  kg/mm2.  This  has  led  to  making 
composite  materials  with  fibers.  Today,  however,  I  want  to  be  primarily  concern 
ed  with  the  strengthening  of  iron  by  the  more  conventional  techniques  of  (1)  alloying 
and  (2)  working.  The  type  of  strengthening  will  be  controlled  by  chemical  compo¬ 
sition  and  possible  work-hardening  mechanisms.  Iron  may  be  strengthened  by  the 
following  means: 

(A)  Solid-Solution  Strengthening 

(B)  Martensitic  Transformation 

(1)  Iron  carbide  in  iron 

(2)  Other  carbides  in  iron  alloys 

(3)  Polymorphic  transformation  in  low-carbon  irons 


*  Research  Associate  at  Battelle  Memorial  Institute,  505  King  Avenue,  Columbus, 
Ohio,  U.S.A. 
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(C)  Hardening  by  Precipitation 

(D)  Application  of  Mechanical  Work 

(1)  At  subzero  temperatures 

(2)  Cold  working 

(3)  Hot  working 

To  obtain  +he  best  properties,  the  chemical  composition  of  these  iron 
alloys  and  steels  must  be  balanced,  and  suitable  heat  treatments  are  required. 
Most  oi  the  alloys  will  be  worked  to  obtain  the  proper  shape. 

Among  the  commercial  high-strength  steels,  the  following  (see  Table  1 
for  more  complete  chemical  compositions)  have  found  considerable  use  in  U.S. 
aircraft  and  missile  industries,  as  well  as  in  construction  and  machinery  ap  ¬ 
plications: 

(1)  Hot-work  tool  steels  (H-ll  types) 

(2)  Low-alloy  hardenable  steels  (AISI  4340  types) 

(3)  Martensitic  stainless  steels  (AISI  418,  422,  etc. ,  12Cr  - 

0.17-0.28C) 

(4)  Semiaustenitie  PH  stainless  steels  (PH  15-7Mo,  17-7PH, 

AM-355,  0.  07-0c  13C,  0.30-0.50C) 

(5)  Austenitic  stainless  steels  (HNM,  A-286) 

(6)  Martensitic  low-carbon,  high-alloy  irons 

(a)  Stainless,  containing  10  per  cent  Cr  or  more:  AFC-77, 
AM-367 

(b)  Maraging  steels 


Groups  4  to  6  owe  their  final  desirable  mechanical  properties  to  the  pre¬ 
cipitation  hardening  of  a  noncoherent  phase  in  i.he  martensite.  The  precipitation¬ 
hardening  semiaustenitie  steels  (Group  4)  are  hardened  by  two  methods:  a  double¬ 
aging  treatment  and  a  refrigerationrhardening  treatment.  The  latter  is  preferred 
because  it  provides  a  higher  strength  and  better  corrosion  resistance.  Other 
treatments  used  are:  (1)  annealing,  cold  rolling  (60  per  cent),  and  aging,  and  (2) 
solution  treatment,  subzero  cooling,  cold  rolling(20  per  cent),  and  aging. 

In  addition,  the  cold-rolled  austenitic  stainless  steels  AISI  201,  202,  301, 
and  302  have  been  produced  in  large  quantity  in  the  United  States.  The>  possess 
the  advantage  of  simplicity  in  manufacture  and  very  high  strength  and  corrosion 
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resistance,  but  they  can  be  formed  only  to  a  limited  extent.  Typical  compositions 
for  these  steels  are  also  given  in  Table  1. 


Quenching  and  Tempering 


The  following  steps  should  be  observed  in  ordinary  heat-treating  proce¬ 
dures  in  order  to  obtain  material  with  high  strength: 


(1)  Austenitize  or  heat  to  a  temperature  approximately  100  F 
above  the  so-called  upper  critical  temperature,  or  A3. 

(2)  Harden  by  rapid  cooling  or  quenching  in  a  medium  (salt 
bath,  brine,  water,  oil,  or  air)  to  transform  the  austenite 
to  martensite. 


(3)  Temper  or  heat  to  a  certain  temperature  for  a  certain  time 
to  obtain  tempered  martensite  with  more  uniform  properties 
and  a  desired  degree  of  ductility. 


Of  all  the  alloying  elements  in  steel,  no  element  enhances  mechanical  pro 
perties  as  does  carbon.  However,  at  the  same  time,  carbon  content  is  often  a 
significant  factor  adversely  affecting  the  mechanical  properties  of  steels.  A 
quenched  steel  possessing  carbon  in  excess  of  0.  25  per  cent,  if  tempered  in  the 
region  500-600  F,  shows  a  sudden  decrease  in  ductility  termed  "500  F  embrit- 
tlementM.  Another  type  of  embrittlement  which  is  found  in  alloy  steels  occurs  on 
tempering  in  the  950-1150  F  range.  This  temper  brittleness  is  also  aggravated 
by  a  high  carbon  content. 

Retained  austenite,  which  results  in  less  than  optimum  properties,  is 
often  present  after  conventional  quench  and  temper  methods.  Subzero  cooling  is 
often  used  to  minimize  retained  austenite.  Fortunately,  retained  austenite  can 
now  be  detected  because  X-ray  techniques  for  quantitative  determination  are  avail 
able.  Although  retained  austenite  will  transform  to  martensite,  repeated  temper* 
ing  may  be  necessary  to  minimize  its  adverse  effect.  Untempered  martensite  re¬ 
duces  yield  strength,  tensile  strength,  and  elastic  limit  in  medium-carbon  steels. 

The  phenomenon  of  quench  cracking  is  a  further  limitation  of  high-strengfh 
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steels.  Upon  rapid  cooling  of  many  steels,  cracks  either  visible  or  microscopic 
in  size  may  be  produced.  It  has  been  observed  that  if  4340  steel  is  water  quench¬ 
ed,  cracks  will  often  appear  unless  the  material  is  tempered  very  soon  after 
quenching. 

One  further  shortcoming  of  conventional  hardenable  steel  is  its  suscepti¬ 
bility  to  embrittlement.  Hydrogen  can  enter  the  steel  during  the  steelmaking 
process,  during  heat  treating  in  a  high-hydrogen  atmosphere,  or  during  some 
surface  treatment  such  as  pickling  or  plating.  Hydrogen  affects  the  ductility  of 
steel  and  often  presents  a  serious  problem.  In  this  connection,  it  may  be  noted 
that  bainite  is  very  much  less  subject  to  hydrogen  embrittlement  than  martensite, 
and  that  the  cold  working  of  a  low-carbon  steel  appears  to  improve  its  resistance 
to  this  embrittlement. 

Basically,  these  deleterious  effects  can  be  eliminated  or  minimized  either 
by  tempering  at  high  temperatures,  which  tends  to  reduce  the  attainable  strength, 
or  by  avoiding  high  carbon  contents  which  produce  a  very  strong  but  brittle  marten 
site. 


Modified  heat-treating  techniques  to  obviate  some  of  the  difficulties  of  the 
conventional  heat-treating  process  are  austempering  and  martempering,  which 
have  been  discussed  in  a  companion  paper. 


Thermomechanical  Treatment  of  Steel 


Early  in  1950,  an  American  metallurgist,  J.  Harvey,  reported  improved 
surface  properties  resulting  from  shot  peening  austenite  just  above  the  Ms  temper 
ature  (1).  Investigators  at  the  Ford  Laboratories  baptized  the  process  of  deform¬ 
ing  metastable  austenite,  "ausforming".  One  metallurgist  defines  this  process  as 
"one  to  mess  up  the  structure  of  metastable  austenite  as  much  as  possible  before 
transformation  so  that  the  resultant  martensite  will  be  of  ultra-fine  dimensions". 
Other  terms  fouixl  in  the  literature  for  this  process  over  the  past  ten  years  are: 
hot-cold  working,  Aus-Form,  Austforming,  austen-rolling,  ausroll,  and  inter- 
rupted-quench  mechanical  working.  The  process  is  illustrated  in  Figure  1.  This 
treatment  consists  in  deforming  austenite  without  recrystallization,  before  trans 
formation  to  martensite.  It  has  been  observed  that  the  strength  of  martensite 
formed  from  cold-worked  austenite  is  greater  than  that  obtained  by  conventional 
quench  and  temper  techniques. 

Results  obtained  on  60  different  steels  have  been  reviewed  recently  by 
Marschall(2)f  Figure  2  illustrates  the  effect  of  carbon  on  the  strengths  which  can 
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be  developed  on  conventional  heat  treatment  and  by  the  ausforming  technique  on  a 
steel  containing  3Cr  -  1.5Si  -  1  Mn  -  INi  -  0. 5Mo(3).  Figure  3  shows  hardness 
temper  curves  for  three  steels — low,  medium,  and  high  alloy,  300  M,  H-ll  (mod¬ 
ified),  and  Vasco  MA,  respectively. 

In  ausformed  300  M,  hardness  response  appears  similar  to  that  resulting 
from  conventional  treatment,  except  for  the  over-all  increase  in  hardness  (see 
Figure  3).  Conversely,  the  curves  for  the  other  steels  are  relatively  flat,  giving 
no  evidence  of  secondary  hardening  and  showing  greater  resistance  to  overtemper 
ing.  H-ll  modified  and  Vasco  MA  steels  overtemper  at  about  150  F  above  the  con 
vcntionally  treated  steels.  It  is  of  interest  to  note,  too,  that  the  special  treatment 
has  eliminated  the  secondary  hardening  response  and  enhanced  the  resistance  to 
softening  of  the  latter  two  higher  alloy  steels. 

Figure  4  gives  mechanical  properties,  showing  that  the  yield  and  tensile 
strength  of  Vasco  MA  and  H-ll  modified  steels  are  almost  constant  over  the  tem¬ 
pering  range.  At  higher  strength  levels,  ductilities  are  generally  equal  to  or 
greater  than  those  in  the  same  steel  processed  conventionally.  These  properties 
are  obtained  by  deforming  the  steel  over  90  per  cent  reduction  in  area  at  1100  F. 
However,  any  amount  of  deformation  in  excess  of  60  per  cent  gives  a  highly  de¬ 
sirable  combination  of  strength,  hardness,  and  ductility  to  the  alloy. 

Table  2  lists  the  modes  of  fabrication  which  have  been  evaluated.  Figure 
5  compares  the  endurance  limit  of  H-li  steels  processed  by  the  two  techniques, 
and  Figure  6  illustrates  their  mechanical  properties  from  -320  to  1200  F. 

Since  ausforming  combines  fabrication,  and  heat  treatment  in  one  manu¬ 
facturing  operation,  the  part  must  be  formed  and  strengthened  at  the  same  time. 
This  imposes  obvious  limitations  on  the  size,  shape,  and  subsequent  machining 
and  joining  operations.  Considering  these  limitations,  the  following  is  a  partial 
list  of  potential  applications:  torsion  bars,  coil  springs,  punches,  dies,  cutting 
tools,  shears,  high-strength  bolts,  aircraft  parts,  landing  gears,  and  forgings 
for  ear- h- moving  and  agricultural  equipment.  As  maybe  seen,  ansformed  steels 
compete  with  materials  such  as  hard  facings,  cemented  carbides,  and  heat-treated 
construction  steels  in  which  there  are  long  and  well-established  experiences. 

The  mechanism  by  which  these  enhanced  properties  are  achieved  is  not 
yet  known.  However,  it  is  probably  associated  with  refinement  of  carbide  dis¬ 
persions,  and  refinement  of  the  martensitic-plate  size  is  an  important  factor. 

In  fact,  the  precipitation  of  inlermetallic  phases  may  take  the  place  of  carbide 
dispersions,  as  in  the  maraging  steels(4). 

Of  interest  to  you  may  be  a  laboratory  technique  which  was  developed  by 
BISRA  for  assessing  the  response  of  steels  to  thermomeehar.ical  manipulation!5). 
Influence  oi  the  following  factors  can  be  studied  with  this  equipment:  austenitizing 


conditions  (temperature  and  time),  isothermal  working  conditions  (temperature 
and  time,  degree  and  rate  of  working),  quench  rate  to  room  temperature  and  sub¬ 
sequent  tempering  treatments. 


MarrStraining  (or  Prestrain)  and  Retempering 

The  Mar-straining  process  has  been  evolved  by  modifying  conventional 
heat  treatment  through  the  introduction  of  plastic  deformation.  Tensile  strengths 
near  246  kg/mm^  can  be  readily  obtained  with  yield-tensile  ratios  approaching 
1. 0  and  good  ductility.  The  process  is  relatively  simple.  The  steel  is  first  heat 
treated  in  the  normal  manner  to  a  high  tensile  strength  (austenitized,  quenched, 
and  tempered  at  a  low  temperature).  It  is  then  prestrained  (deformed  a  small 
amount — 0.4-3.  0  per  cent),  after  which  it  is  retempered  for  a  period  of  1-2  hours 
at  a  temperature  usually  lower  than  that  used  for  the  original  temper.  Some  of 
the  variables  in  the  process  are  the  properties  before  deformation,  the  mode  and 
amount  of  deformation,  and  the  retempering  temperature.  The  mechanism  of 
hardening  is  believed  to  be  a  combination  of  work  hardening  and  strain  aging. 
Table  3  summarizes  some  of  the  properties  of  some  commercial  steels  common¬ 
ly  used  in  the  United  States. 

Table  4  compares  some  mechanical  properties  obtained  on  Vascojet  1000, 
a  modified  ;i  11  steel,  when  processed  by  ausforming,  marstraining,  and  con¬ 
ventional  heat  treatments  to  a  tensile  strength  of  300, 000  psi  or  higher. 


Low-Carbon  Martensite  Alloys 

Iroa-base  alloys  that  exhibit  martensitic  transformation  in  the  absence  of 
carbon  differ  in  several  respects  from  their  counterpaits  containing  carbon:  (1) 
the  hardenability  of  the  carbon-free  alloys  is  usually  quite  high,  (2)  the  as-quench 
ed  hardness  is  generally  much  lower  than  when  appreciable  quantities  of  carbon 
are  present,  and  (3)  the  reactions  occurring  during  reheating  of  carbonless  mar¬ 
tensite  and  the  resuliant  changes  in  properties  may  be  remarkably  different  irom 
those  observed  in  carbon-containing  martensite. 

A  series  of  new  steels  has  been  developed  in  the  United  States  v.  r.ich  is 
causing  considerable  interest  throughout  the  world — the  ms. raging  stcwls.  The 
reasons  for  the  interest  are  evident  from  L,eir  characteristics,  most  significant 
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of  which  are:  (6) 


(1)  Extremely  high  yield  strengths  (140-210  kg/mm2). 

(2)  Simple  heat-treatment  procedures,  coupled  with  a 
low- temperature  aging  cycle  f4820C).  Close  control 
is  necessary,  however,  to  insure  consistent  and  re¬ 
liable  results. 


(3)  Good  weldability. 

(4)  Good  ductility  which  results  in  good  formability. 

(5)  Low  notch  and  crack-growth  sensitivity. 

(6)  Adsorption  of  hydrogen  in  pickling  or  plating  does 
not  impair  ductility. 

(7)  No  decarburization  problem. 

(8)  Possibility  of  nitriding  surfaces  to  give  higher  wear 
resistance. 

(9)  User  has  a  choice  of  processing  techniques  to  avoid 
detrimental  effects  on  properties. 


These  martensitic  low-carbon  precipitation-hardening  steels  are  strength¬ 
ened  by  a  phase  which  precipitates  throughout  the  martensite  on  the  low-temper¬ 
ature  (4820C)  aging  treatment.  Fabrication  techniques  and  physical  and  mechanic 
al  properties  of  these  steels  (available  in  grades  of  140,  176,  and  211  kg/mm2) 
are  given  in  Table  5. 

One  disadvantage  of  these  steels  is  their  low  corrosion  resistance.  Certain 
investigators,  pursuing  a  somewhat  different  approach,  have  developed  alloys 
which  depend  on  the  same  mechanism  of  hardening,  but  whose  matrix  contains 
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chromium  in  solid  solution  to  provide  corrosion  resistance.  Table  6  indicates 
melting  techniques  used,  working,  heat  treatment,  and  other  manufacturing  data. 
It  also  gives  data  on  physical  and  mechanical  properties.  Many  data  are  being 
accumulated,  and  the  literature  should  be  examined  for  details(7). 

Many  methods  of  melting  (most  of  them  mentioned  in  a  companion  paper) 
have  been  tried  on  maraging  steels.  Economy  and  desired  properties  are  the 
decisive  factors  in  a  selection.  Air  melting,  air  melting  and  vacuum  degassing, 
vacuum-induction  melting,  air  melting  and  consumable-electrode  vacuum  arc  re¬ 
melting,  and  shell  molding  have  been  used.  Among  the  working  techniques  used, 
hot  and  cold  working,  roll  forming,  shear  spinning,  forging,  different  amounts 
of  work,  thermo-mechanical  treatments,  resolution  annealing  after  working,  and 
aging  after  working  have  been  investigated. 

It  appears  that  the  maraging  steels  may  compete  with  the  low-alloy  ultra- 
high-strength  steels  and,  in  some  instances,  with  stainless  steels. 


Conclusions 


The  steel  metallurgist  is  still  far  from  the  theoretical  strength  of  iron 
whiskers  (2,800  kg/mm2)  and  even  far  from  the  practical  strength  of  1,400  kg/ 
mm2.  However,  he  has  come  a  long  way  from  the  strengths  of  35  kg/mm2  com¬ 
mon  for  construction  steels  at.  the  beginning  of  this  century,  for  he  will  soon  be 
pushing  the  350  kg/mm2  limit.  The  practical  use  of  the  steels  seems  to  be  pri¬ 
marily  in  the  area  of  176  kg/mm2,  which  can  be  obtained  by  a  number  of  tech¬ 
niques  which  depend  on  the  proper  balance  of  chemical  composition,  hot-cold 
work,  and  heat  treatment. 
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TABLE  2. 

W4YS  TO  AUSFORM  STEEL 

Operation 

Shapes 

Rolling 

Rod,  bar,  plate,  sheet 

Extrusion 

Rod 

Shear  spinning 

Tubes  (up  to  10  in.  in  diameter) 

Forging  (hammer) 

Bar,  plate 

Explosive  forming 

Tubes  (up  to  3  in.  in  diameter) 

Deep  drawing 

Tubes  OiP  to  12  in.  in  diameter) 

TABLE  3.  PROPERTIES  OF  MARSTRAINED  STEELS 


Steels 

Austenitize 

Pretemper 

Strain, 

% 

Retemper 

T.S., 

ksi 

Y.S.,Elongat. , 
ksi  %_ 

SAE  4340 

1525  F  -  40*  O.Q. 

400  F  -  1  hr 

1 

400  -  1  hr 

296 

296 

6.2 

1525  F  -  40’  O.Q. 

400  F  -  1  hr 

1 

400  -  1  hr 

340 

340 

(a) 

1525  F  -  40’ O.Q. 

500  F  -  1  hr 

1 

300  -  1  hr 

334 

334 

3.0 

300  M 

1650  F  -  30’  350  F 
salt 

400  -  2  +2 

1 

350  -  2  hr 

305 

300 

3.0 

1650  F  -  30'  " 

600  -  2  +  2 

1 

400  -  2  hr 

316 

312 

2.5 

Vascojet 

3  000 

1850  F  -  30'  Air  Q. 

1000  -  2  +2 

1.5 

600  -  2  hr 

304 

302 

4.5 

(a)  Broke  outside  gage  marks. 


TABLE  4.  MECHANICAL  PROPERTY  COMPARISON  OF 
VASCO  JET  1000  BY  VARIOUS  PROCESSES 


Process 

Tensile  Strength, 
ksi 

Yield  Strength, 
ksi 

Elongation, 

% 

Ausforming  (Figure  3) 

410 

390 

5 

Marstrained  (Table  3) 

304 

302 

4.5 

300 

240 

8 

TABLE  5*  managing  steels 
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Fig.  1  Use  of  TTT  Diagram  for  Ausforming 


-♦—Tempering  range 


Carbon  Content,weight  per  cent 


Fig.  2  Effect  of  carbon  content  on  strength  cf  hot-cold  worked  steels 
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.  3  Ausforming  versus  conventional  heat  treating 

(The  300  M  was  deformed  68%  at  1100  F,  the  Hll  (mod)  was 
deformed  91%  in  the  850  to  1050  F  range  and  the  Vasco  MA 
was  deformed  91%  at  1100  F). 


Per  Cent  Strength, 1000  psi 
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Fig.  5  Endurance  limit  of  H-ll  steel  ausforming  and  conventional  heat 
treatment 

(The  term  "survival  level"  refers  to  the  percentages  of  speci¬ 
mens  which  endured  indefinitely  at  the  given  stresses). 
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RACIONA LIZACION  EN  EL  EMPLEO  DE 
ACEROS  DE  CONSTRUCCION 


por  D.D.Farfas 


1.  Introduce  i6n 


Las  infinitas  aplic.aciones  del  acero  en  la  vida  moderna  es  uno  de  los  sig- 
nos  mds  evidentes  del  avance  de  la  civilizaciGn  industrial. 

La  pujanza  y  atin  el  nivel  de  vida  de  las  naciones  mds  importantes  se  mi- 
den  por  la  producciGn  dc  ese  producto  y  sus  necesidades  de  energfa.  Luxemburgo, 
un  pequeno  pafs,  tienc  uno  de  los  niveles  mds  altos  del  mundo,  en  virtud  de  que 
su  producciGn  de  aceio  per  cdpita  es  tambiGn  uno  de  los  mds  elevados. 

Esta  es  la  razGn  por  la  cual  t* s  principales  naciones  industriales  han  re- 
alizado  importantes  trabajos  de  modernizaciOn  en  su  industria  siderdrgica,  sobre 
todo  despuGs  de  la  guerra  mundial,  para  elevar  sus  producciones. 

Estados  Unidos  y  Rusia  niarchan  a  la  cabeza  por  su  producciGn  y  ie  siguen 
Alemania  Occidental,  Inglaterra  y  JapGn.  Francia  ocupa  el  sexto  lugar.  Los  par¬ 
ses  Latinoamericanos,  que  reciGn  empiezan  su  etapa  de  industrializaciGn,  han  en 
carado  resueltamente  este  problema  y  las  Industrias  Siderdrgicas  de  Argentina, 
Brasil,  MGjico,  Chile,  Colombia  y  Venezuela  empiezan  a  ser  una  realidad. 

La  siderurgia  dc  nucstra  Gpoca,  no  es  una  industria  estdtica  sino  altamen 
te  dindmica,  que  la  tornan  en  una  actividad  compleja.  Los  pr'ogresos  tGcnicos  y 
cientfficos  de  los  ultimos  anos,  el  advenimiento  de  nuevos  metales  y  aleaciones 
y  de  materiales  pldsticos  han  obligado  a  la  siderurgia  a  buscar  nuevos  mercados. 
ciear  nuevas  aleaciones  y  adoptar  nuevos  conceptos  en  la  fabricaciGn  y  utilizaciOn 


rxr 

1A.-Z 


de  aceros,  para  oriental*  en  otro  sentido  la  produccidn  y  aplicaciones  de  estos  pro 
ductos. 


Pero  pese  a  los  descubrimientos  y  puesta  a  punto  de  numerosas  aieaeiones 
y  materiales  nuevos  no  metdlicos,  el  ACERO  sigue  siendo  la  aleacidn  mils  vers&~ 
til,  mds  econdmica  y  de  mayor  empleo  en  todas  las  industrias. 


2.  Problema  latinoamericano  de  la  industria  del  acero 


Latinoamdrica  y  Argentina  en  particular  han  comprendido  la  importance 
que  tiene  la  industrializaeidn  para  el  desarrollo  econdmico.  En  nuestro  pafs  tal 
proceso  es  an  hecho  irreversible.  Se  ha  cumplido  una  primera  etapa.  La  indus¬ 
tria  liviana  estd  consolidada.  Es  necesario  proseguir  con  lo  ya  empezado  en  el 
montaje  de  la  industria  pesada,  verdadero  basamento  del  desarrollo  econdmieo  y 
social  del  pafs. 

Dentro  de  esta  etapa  de  industrializaeidn,  en  el  campo  de  la  llamada  indus 
tria  pesada,  la  siderurgia  jugard  un  papel  de  primer  order.. 

En  el  desarrollo  de  la  industria  del  acero  en  los  pafses  Latinoamericanos 
se  han  seguido  etapas,  que  han  sido  mds  o  menos  similares  en  todos  ellos  y  que 
se  pueden  agrupar  en  los  siguientes  pasos: 


a)  Fabricacidn  de  ARRABIO  con  instalacidn  de  Altos  Homos,  utilizan 
do  minerales  y  c-arbdn  del  pafs  o  importados;  con  las  subsiguientes 
etapas  de  fabricacidn  de  aceros  y  sus  transform&ciooes  posteriores. 


b)  Importaeidn  de  ARRABIO  y/o  CHATARRA  y  fabricacidn  de  aceros 
por  los  procesos  de  Hornos  Siemens  Martin  y/o  Eldctriccs. 


c) 


Importaeidn  de  PALANQUILLA  de  diversas  categorfas  de  aceros  y 
realizacidn  de  procesos  de  conformacidn  por  trafiiacidc  o  laminado 
en  el  pafs. 


d)  Importaeidn  directa  de  productos  semi-terminados  de  aceros  en  for 
made  chapas,  bandas,  barras,  perfiles,  tubos,  etc. ;  para  utilizar- 
los  directamente  en  la  fabricacidn  de  piezas  y  elementos  de  m&quinas 
y  equipos. 
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En  Argentina  se  siguen  actualmente  los  cuatro  caminos  serialados;  aunque 
el  incremento  de  la  produccidn  de  las  dos  primeras  tienden  a  disminuir  la  impor 
tacidn  de  PALANQUILLA  y  SEMI-PRODUCTOS  de  aceros. 

El  desarrollo  planificado  sobre  bases  t6cnicas  y  cientfficas  de  la  planta  de 
San  Nicolas  y  de  otras  en  estudio  (Sierra  Grande),  permitira  elevar  notable mente 
la  produccidn  de  arrabio  y  acero  en  el  paLs. 

Para  ello  sera  menester  adoptar  una  polftica  definida  de  desarrollo  de  es- 
ta  importante  industria  basica  y  adquirir  plena  conciencia  que  las  prdximas  etapas 
deben  cumplirse  en  forma  tal,  que  junto  a  las  nuevas  industrias  instaladas,  se 
creen  paralelamente  Laboratories  y  Centros  de  Investigacidn,  asf  como  institutes 
capaces  de  preparar  los  t6cnicos,  profesionales  e  investigadores  necesarios  para 
hacer  realidad  y  asentar  sobre  bases  firmes  tal  desarrollo. 


3.  Importacidn  de  aceros  en  Argentina 


Lcs  otros  dos  caminos  senalados  precedentemente  significan  siempre  IM- 
PORTACION,  ya  sea  de  palanquilia  o  de  barras,  perfiles,  chapas,  tubos,  etc. , 
de  acero. 

En  este  trabajo  se  desean  analizar  los  problemas  de  esas  importaciones, 
para  hacer  resaltar  los  errores  que  se  cometen  y  las  divisas  que  se  gastan  inde 
bidamente  en  tales  adquisiciones;  debido  sobre  todo  a  la  carencia  de  tipificacidn 
de  las  aleaciones  que  deben  normalmente  utilizarse,  asf  como  al  desconocimiento 
de  los  principios  tdcnico-cientfficos  que  deben  regir  la  eleccion  y  seleccidn  de 
aceros  de  construccidn. 

Por  regia  general  las  fabricas  de  aceros  de  todo  el  mundo  lanzan  al  mer- 
cado  miles  de  aleaciones,  fabricadas  de  acuerdo  a  las  necesidades  de  los  consu- 
midores  (en  Francia  se  fabrican  cerca  de  4. 000  categorfas  de  aceros).  Para  lo- 
grar  competir  en  el  mercado,  sus  laboratories  y  centros  de  investigacidn  produ 
cen  sistemlticamente  nuevas  aleaciones,  tratando  en  lo  posible  de  abaratarlas  con 
el  empleo  de  aleantes  de  su  propia  produce idn  o  que  se  consiguen  a  precios  menos 
onerosos. 

De  la  misma  manera  que  los  productores  defienden  sus  economfas;  los  paf 
ses  importadores  y  consumidores,  como  el  nuestro,  deben  merced  al  estudio  ra- 
cional  de  la  aplicacidn  de  los  aceros,  lograr  abaratar  sus  fabricaciones,  que  16gi 
camente  redundar&n  en  beneficio  del  pafs. 
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Esa  racionalizacidn  en  la  utilizacid’  tie  estos  productos,  sdlo  es  posible 
cuando  las  industrias  de  transformacidn  han  alcanzado  un  cierto  nivel  tdcnico  y 
estdn  dotadas  de  equipos  y  elementos  modernos  para  los  tratamientos  tdrmicos 
y  procesos  metaldrgicos,  que  requieren  las  aplicaciones  correctas  de  tales  ma 
teriales. 

Si  se  ccnsidera  que  aun  cuando  al  desarrollo  de  la  industria  siderdrgica 
se  haga  con  pasos  agigantados,  su  produccidn  no  podrd  satisfacer,  en  una  prime 
ra  etapa,  las  necesidades  de  aceros  de  calidad  (finos  y  especiales);  se  compren- 
derd  facilmente  que  durante  varios  anos  se  deberdn  importar  esos  tipos  de  ace- 
ros. 


En  efecto,  en  los  pafses  altamente  industrializados,  el  consumo  de  ace¬ 
ros  es  del  orden  del  14%  del  consumo  total  de  acero.  En  los  pafses  latinoameri 
canos  sdlo  se  alcanzan  una  cifra  promedio  del  6%. 

Es  de  esperar  que  cuando  las  industrias  de  transformacidn  adquieran  pie 
no  desarrollo,  los  requerimientos  de  todos  estos  materiales  se  duplicardn. 

Un  informe  de  CEPAL  vatieina  que  en  el  campo  de  los  aceros  de  calidad, 
por  algdn  tiempo  todavla  Latinoamdrica  dependerd  de  la  importacidn  y  la  instala 
cidn  de  industrias  dedicadas  a  la  fabrieacidn  de  estos  aceros  no  serfa  convenient 
te,  pues  la  produccidn  no  encontrarfa  suficiente  mercado,  y  no  justificarfan  las 
inversiones  en  ese  campo. 


4.  Tipificacidn  de  aceros  de  construcci6n 


Ante  la  realidad  de  que  se  debe  seguir  importando  ACEROS  DE  CALIDAD, 
ya  sea  bajo  forma  de  palanquillas,  barras,  chapas,  bandas,  etc. ,  serd  conve- 
niente  adoptar  una  POLITICA  TECNICA  Y  ECONOMICA,  que  oriente  y  ordene  ta 
les  importaciones. 

Ante  todo  debe  limitarse  el  ndmero  de  TIPOS  de  acei'cs  de  calidad  que  de- 
bieran  utilizarse  en  el  pals. 

Para  ello,  serd  necesario  hacer  una  tipificacidn  de  los  aceros  de  construe 
cidn,  Jo  que  en  los  pafses  modernos  resulta  en  esta  dpoca  casi  una  imposicidn. 

Serd  necesario  establecer  tablas  de  los  aceros  de  uso  corriente,  que  satis 
fagan  todas  las  necesidades  NOR  MALES  de  las  diversas  industrias. 


Esas  tablas  deben  contener  en  lo  posible  el  menor  nfimero  de  TIPOS  DE 
ACEROS;  pero  que  satisfagan  el  mayor  nfimero  de  requerimientos  de  las  diversas 
industrias. 

Algdn  autor  ha  manifestado  que:  "Hay  un  s61o  medio  para  mantener  un  nd- 
mero  reducido  de  tipos  de  aeero  sin  inconvenientes  tdcnicos  para  el  consumidor; 
que  es  sustituir  las  series  de  aceros  de  calidad  inferior  por  un  acero  de  calidad 
superior  para  el  mismo  objeto". 

Esta  solueidn,  puede  dar  excelentes  resultados  en  nuestro  pals,  y  con  ello 
pueden  limitarse  notablemente  los  tipos  de  aceros  a  importar. 

El  concept©  ya  expuesto  de  reemplazar  aceros  de  menor  calidad,  por  otro 
de  calidad  superior  tiene  adn  ventajas  en  su  utilizacidn;  pues  los  errores  de  trata 
mientos  tdrmicos  o  de  los  procesos  metaldrgicos  no  serin  de  tanta  consecuencia 
como  enbs  de  calidad  inferior. 

La  tipificacidn  de  los  materiales  ha  nacido  como  una  necesidad  econdmica; 
pero  en  el  caso  de  los  aceros  se  la  puede  realizar  en  base  a  los  conocimientos  tdc 
nico-cientfficos  que  se  tiene  sobre  estas  aleaciones. 

En  efecto,  es  posible  en  la  dpoca  actual  poder  determinar  con  cierta  preci 
sidn  cuales  son  las  necesidades  mis  generates  de  las  industrias  del  pafs  y  en  ba¬ 
se  a  ellas  seleccionar  un  grupo  de  aceros  de  calidad  (no  comunes)  de  las  lfneas  de 
fabricacidn  de  las  grandes  industrias  siderrtrgicas,  que  cubren  el  programa  de  ne 
cesidades  previstas. 

Con  la  tipificacion  que  deberi  hacerse  con  aceros  equivalentes  de  distintos 
parses  productores,  se  evitari  un  problema  muy  comdn  en  nuestro  pafs,  relativo 
a  la  forma  de  adquisici6n  de  estos  productos  en  el  extranjero.  Un  ejemplo  aclara 
ri  mejor  este  concepto: 

Acostumbrados  nuestros  tdcnicos  a  las  Normas  de  Acero  SAE  o  AMS  (pa¬ 
ra  uso  aeroniutico),  cuando  quieren  adquirir  un  acero  lo  hacen  en  base  a 
las  designaciones  de  tales  especificaciones.  Pero  si  el  pafs  donde  se  lo 
puede  adquirir,  Inglaterra  por  ejemplo  gpor  disponibilidad  de  divisas),  los 
productores  de  aceros  ofreeen  otros  similares  al  pedido,  y  normal  en  su 
lfnea  de  fabricacidn.  Generalmente  nuestros  tdenicos  insisten  en  el  pedido 
de  acuerdo  a  SAC  y  la  firma  productora  debt  fabricarlo  especialmente  pa¬ 
ra  nosotros,  con  el  consiguiente  rccargo  del  precio. 

Si  a  ello  se  agrega  que,  en  general,  el  acero  SAE  pedido  ya  no  se  usa  en 
EE.UU. ,  mientras  que  el  que  nos  ofreeen  es  mis  moderno,  pues  si  bien  tiene  me 
nos  nfquel  que  el  pedido  (ejemplo:  SAE  3310),  el  acero  oXrecido  )BS-EN  352)  con- 
tiene  molibdeno  y  los  valores  de  fatiga  y  resiliencia  son  superiores  al  pedido. 
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En  la  importaoi6n  indiseriminada  se  compran  aeeros  de  diversos  orfgenes 
y  de  las  mils  ri  is  tint  as  eomposicior.es  qufmieas.  La  faiia  de  conocimientos  tdeni- 
cos  suficientes  hacen  que  la  utilizacion  de  tales  aeeros  presenten  inconvenientes 
a  veees  insalvables,  pues  es  Idgico  que  los  tdcnicos  y  usuarios  no  puedan  conocer 
las  condiciones  de  forja  y  de  tratamientos  tdrmicos  de  los  mis  variados  tipos  de 
aeeros.  En  cambio,  si  tal  niimero  es  limitado,  ese  conocimiento  serd.  mds  facil  y 
una  amplia  difusidn  de  las  caracterfstieas  de  los  aeeros  NORMA LES  familiarizai'd 
a  los  consumidores  en  los  procescs  correctos  de  los  mismos.  Un  ejemplo  ilustra 
rd  mejor  lo  expuesto: 

Una  industria  argentina  adquirid  varias  toneladas  de  acero  de  Europa,  del 
tipo  SAE  4340. 

Ensayandc  el  material  fue  aeclarado  NO  APTO  por  agrietarse  en  el  proce 
so  de  temple.  Hubo  discus iones  con  la  firma  proveedora  y  el  material  que 
d6  por  anos  en  depdsitos. 

Cuando  quiso  venderse  eomo  material  NO  APTO  fud  ensayado  nuevamente, 
pero  se  pensd  hacerlo  con  las  es  pec  if  icac  iones  aoipafs  de  origen  y  el  acero 
normalizado  y  templado  segdn  esas  normas:  NO  SE  AGRIETABA.  Es  nota¬ 
ble  como  una  diferencia  de  30  a  40OC  en  el  tratamiento  de  temple  variaba 
fundamentalmente  el  comportamicnto  del  acero.  Pero  ello  se  justificaba 
plenamente  si  se  considera  que  el  acero  adquirido  tenfa  mds  MANGANESO 
que  el  norma?  de  la  SAE  y  tal  elemento  tiene  importaneia  manifiesta  en  la 
temperatura  Ms.  pardmetro,  que  es  fndice  de  la  sensibilidad  al  agrieta- 
miento. 

En  resurnen,  se  puede  concluir  que  para  racionalizar  ia  importaeidn  de 
ACEROS  de  calidad  se  imponen  dos  medidas  fundamentales: 


a)  TIPIFICACION  de  las  aleaciones  que  satisfagan  las  necesidades  ge 
ne rales  de  todas  las  industrias. 


b)  INTENSIFICACION  de  la  ensenanza  de  la  correcta  aplicacidn  de  es 
tas  aleaciones,  fundada  en  bases  tdcnico-cientfficas. 


El  primer  aspecto,  o  sea  el  de  la  TIPIFICACION,  debe  ser  encarado  por 
organismos  que  ten^an  influencia  en  toda  la  Industria  del  pafs  y  el  m&s  adecuado 
para  ello  es  el  IN3TITUTO  ARGENTINO  DE  RACIONALIZACION  DE  MATERIA- 
LES  (IRAM),  que  ya  ha  emprendido  algunos  trabajos  sobre  este  problema.  Este 
organismo  debe  ponerse  en  comunicacidn  con  otros  similares  de  los  pafses  Lati 
noan.ericanos  para  coord inar  tal  accidn.  Serd  conveniente  que  algdn  Comitd  de  la 
CEPAL  y  de  ALALC  se  ocupen  preferentemente  de  lograr  esos  intercambios  de 
informaciones,  que  resultardn  de  gran  utilidad  para  las  economfas  de  los  pafses 
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Latinoamericanos . 

La  eleccidn  de  los  aceros  que  cubran  todas  las  necesidades  de  las  diver- 
sas  industrias  se  debe  basar,  Idgicamente,  en  las  modernas  concepciones  que 
existen  sobre  caracterfsticas  que  pueden  adquirir  los  diversos  aceros,  en  base 
a  los  tralamientos  mecdnicos,  tdrmicos,  qufmicos,  termoqufmicos  y  a  los  pro- 
cesos  metaldrgicos  que  se  les  puede  aplicar. 

Por  tal  causa,  previa  a  dicha  seleccidn,  serd  menester  estudiar  las  pro 
piedades  de  templabilidad,  de  forja  y  otras  caracterfsticas  de  los  aceros  que  pro 
porcionen  elementos  de  juicio,  bien  definidos,  para  realizar  una  seleccidn  racio 
nal.  En  general  se  tratard  de  elegir  los  aceros  mds  modernos  y  los  que  sean  de 
produccidn  NORMAL  en  los  grandes  centres  de  produccidn  de  aceros. 

Es  menester  destacar  que  la  TAB  LA  de  aceros  NORMALES  no  serd  de  ex 
trema  rigidez,  y  su  aplicacidn  requerird  que  tdcnicos  o  industriales  conozcan  las 
caracterfsticas  de  estos  materiales  para  poder  realizar  las  sustituciones  que  la 
prdctioa  exija;  ya  sea  por  falta  de  algunas  aleaciones  en  el  mercado,  o  por  tener 
las  industrias  stock  o  cxistencias  de  otras  que  puedan  reemplazar  perfectemente 
a  las  de  la  tabla  de  tipificacidn. 

Por  tal  razdn  adquiere  suma  importancia  para  nuestros  pafses  el  conoci- 
miento  de  las  bases  en  que  realizar  la  equivaleneia  de  ACEROS. 

Modernamente  se  considera  que  la  EQUIVALENCIA  de  dos  aceros  puede 
admitirse  fdcilmente  si  ambos  tienen  el  mismo  porcentaje  de  carbono;  aunque  los 
otros  elementos  sean  distintos,  siempre  que  tengan  los  mismos  pardmetros  de 
templabilidad  (didmetros  crfticos,  temperatura  Ms,  dureza  potencial,  etc). 

Por  supuesto  que  se  admite  tambidn  que  si  dos  aceros  de  distinto  porcenta 
je  de  carbono  son  capaces  de  adquirir  por  revenido  la  misma  dureza,  puede  re- 
emplazarse  el  acero  de  mayor  porcentaje  de  carbono,  por  el  de  menor,  pues  este 
dltimo  superard  al  primero  en  sus  caracterfsticas  de  fatiga  y  de  plasticidad. 

No  se  pretende  entrar  cn  mayores  detalles  sobre  estos  temas  respecto  de 
las  cuales  existe  una  abundante  bibliograffa,  pero  se  desea  hacer  resaltar  la  im¬ 
portancia  que  estos  problemas  tienen  en  la  TIPIFICACION  de  los  aceros  de  cons- 
truccidn. 
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5.  Utilizacidn  de  log  aceros 


Se  ha  mencionado  anteriorrnente  que  una  de  las  medidas  fundamentales  pa 
ra  lograr  la  racionalizacidn  en  la  importacidn  y  empleo  de  los  aceros  de  construe 
cidn,  es  la  necesidad  de  intensificar  la  ensefianza  de  la  correcta  aplicacidn  de  es 
tas  aleaciones  fundadas  sobre  bases  tdcnico-cientfl'icas. 

En  efecto,  de  nada  valdrd  tener  una  tabla  de  aceros  normales  que  satisfa- 
gan  a  todas  las  necesidades  de  las  industrias,  si  posteriormente  el  empleo  o  apU 
cacidn  de  los  mismos  se  realiza  en  forma  incorrecta.  Vale  decir,  que  existiendo 
en  el  mercado  los  aceros  de  las  tablas,  ios  mismos  no  se  emplean  con  criterio 
tdenico-cientffieo  y  se  utilicen  en  ciertas  piezas  aceros  que  no  satisfagan  las  con 
dicicnes  que  exigen  los  proyectistas,  o  por  el  contrario  que  se  elija  una  aleacidn 
que  curnpla  en  deinasfa  tales  exigencias  y  provocando  en  muchos  casos  dificulta- 
des  en  los  procesos  metaldrgicos  (forja,  grietas  de  temple,  etc, )  por  sus  eleva- 
dos  porcentajes  de  elementos  aleantes. 

Adernds,  es  posible  que  se  realice  una  correcta  aleacidn  del  acero,  pero 
la  falta  de  equipos  cie  calidad  o  de  conocimientos  tfienieos  sufieientes  da  como  re 
sultado  que  los  procesos  metaldrgicos  y  tratamienlos  tdrmicos  se  realicen  de  ma 
nera  incorrecta,  lo  que  ldgicamente  disminuird  la  calidad  de  la  pieza  o  elemento 
fabiicado. 

Estos  problemas  de  la  correcta  aplicacidn  de  los  aceros  es  uno  de  los  que 
inds  afecta  a  nuestra  industria  rnetaldrgica.  Muchas  veces  por  falta  de  conocimien 
to  o  por  carencia  de  los  aceros  adecuados,  se  emplean  otros  que  estdn  lejos  de  sa 
tisfacer  las  exigencias  mlnimas  de  las  piezas  a  que  se  los  aplica.  En  otras  oportu 
nidades  se  empieza  a  fabricar  una  pieza  con  una  determinada  aleacidn,  pero  euan- 
dc  no  se  encuentra  mds  tal  material  en  el  mercado  se  lo  sustituye  por  otro,  gene- 
ralmente  de  manera  empfrica,  sin  saber  a  ciencia  cierta  si  son  verdaderamente 
equivalentes.  Pero  lo  que  reviste  mayor  gravedad  adn,  es  que  se  cambie  en  los  pla 
nos  la  categorfa  del  acero,  aunque  noirmalmente  no  se  cambian  las  indicaciones  de 
los  procesos  y  de  las  temperaturas  de  los  tratamienlos  tdrmicos,  con  lo  cual  se 
comete  un  error  doble,  pues  los  pequenos  industriales  que  no  lienen  normalmente 
experiencia  en  estos  temas,  hacen  todo  de  acuerdo  a  lo  establecido  en  tos  planes. 

Lo  expuesto  anteriorrnente  tiene  por  objeto  dar  una  visidn  de  algunos  de  los 
inconvenientes  que  son  normales  en  la  aplicaciCn  de  aceros  en  nuestras  industrias. 
bin  caer  en  exageiaciones,  se  quiere  hacer  resaltar  la  importancia  de  este  plan- 
teO;  que  encarado  con  entusiasmo  puede  fdcilmente  resolverse  y  todo  ello  signifi 
cai-d  aumento  en  la  CALIDAD  de  los  productos  metaldrgicos  calidad  que  16gica- 
mente  sirve  para  afianzar  la  Industria  Nacional. 

El  problems  de  la  racionalizacidn  en  la  utilizacidn  de  estas  aleaciones, 
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que  puede  hacerse  extensivo  a  otros  materiales,  requiere  en  primer  lugar  una 
capacitacibn  del  personal  que  debe  manipularlos.  Tal  capacitacibn  debe  iniciar 
se  en  las  Umversidades  y  en  los  Altos  Centros  de  Estudio,  donde  debe  impar- 
tirse  la  ensenanza  de  la  metalurgia  en  forma  moderna,  con  bases  cientfficas 
bien  firmes  que  permitan  a  los  profesionales  egresados  comprender  la  importan 
cia  de  estos  problemas  y  poseer  los  conocimientos  te6ricos  y  prdcticos  que  los 
habiliten  para  encararlos  con  seriedad  tbcnica  y  econbmica. 

La  capacitacibn  debe  continuarse  en  el  nivel  de  tbcnisos,  y  los  ingenieros 
deben  ser  los  encargados  de  tal  preparacibn  en  centros  dedicados  a  tal  fin,  como 
lo  son  las  Escuelas  Industrials  y  Tbenicas  del  ciclo  superior  y  debe  completarse 
en  los  talleres  y  fdbrieas,  por  medio  de  cursillos  y  ensenanza  prdctica  de  manejo 
de  los  medios  y  equipos  de  procesos  metaldrgicos ,  tratamientos  tbrmicos,  con¬ 
trol  de  temperatura,  etc. 

Los  capataces  y  jefes  de  equipos  deben  tener  tambibn  una  preparacibn  sufi 
ciente  para  comprender  las  razones  de  los  procesos  que  realizan  y  la  importan- 
cia  que  tiene  su  trabajo,  para  obtener  productos  de  CAL1DAD. 

Para  comprobar  la  bondad  de  los  procesos  y  tratamientos  tbrmicos,  se 
requiere  realizar  un  control  minucioso  de  las  piezas  en  los  distintos  estados  de 
su  fabricacibn  y  ello  requerird  oersonal  de  inspeccibn  y  de  laboratorio  capaz  y 
conciente  de  tales  tareas.  Solamente  asf  serd  posible,  mediante  ese  CONTROL 
DE  CALIDAD,  asegurar  una  produce  id  n  uniforme,  y  esa  CALIDAD  de  los  produc 
tos  fabricados  acrecentard  el  prestigio  de  la  industria  del  pafs,  que  a  no  dudar 
creard  fd  en  los  consunndores,  en  el  Estado,  y  en  los  medios  financieros  que  per 
mitirdn  que  sea  realidad  el  desarrollo  industrial  del  pafs. 


6.  Conclusiones 


Este  trabajo  sdlo  pretende  hacer  resaltar  algunos  problemas  sobre  la  Apii 
cacidn  de  Aceros  de  Construccidn  en  Argentina,  y  que  puede  hacerse  extensivo  a 
otros  pafses  Latinoamericanos.  Posible mente  el  tema  es  ya  demasiado  conocido 
por  numerosos  especialistas  e  industrials  de  la  metalurgia;  pero  se  supone  que 
no  se  ha  dado  a  este  profclema  la  importancia  que  realmente  tiene,  para  obtener 
CALIDAD  en  los  productos  metaldrgicos. 

Sin  querer  sobreestimar  su  importancia,  opinamos  que  es  fundamental  pa 
ra  un  desarrollo  armdnico  y  racional  de  nuestra  industria  metaldrgica,  adquirir  la 
conviccibn  de  que  la  metaldrgica  ha  dejado  de  ser  una  artesanfa  o  ciencia  empfri- 
ca,  para  convertirse  en  la  actualidad  en  una  verdadera  ciencia. 
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Solamente  en  la  rama  de  la  siderurgia  los  progresos  de  los  dltimos  anos 
han  sido  verdaderamente  notables.  Todo  eilo  se  ha  logrado  merced  a  los  trabajos 
de  laboratorio  y  fruto  de  esas  investigaciones  son  los  modernos  mdtodos  de  ob- 
tencidn  de  acero  por  inyeccidn  de  oxfgeno,  por  colada  al  vacfo,  reduce idn  directa 
en  el  alto  horno  por  medio  de  hidrdgeno,  colada  contfnua,  etc. ,  para  no  citar  si- 
no  algunas  de  las  tdcriicas  mds  modernas  de  esta  industria.  A  ello  deben  agregar 
se  los  adelantos  en  lot  medios  de  control  de  la  calidad  de  los  aceros  fabricados 
donde  cuantdmetros  automdticos  permiten  el  control  riguroso  y  rdpido  de  las  com 
posiciones  de  las  aleaciones,  cuyos  resultados  se  transmiten  desde  el  laboratorio 
a  la  acerfa  por  teletipo,  lo  que  permite  las  correcciones  necesarias  antes  de  la  eo 
lada. 


Asimismo,  los  laboratories  de  las  acerfas  poseen  otros  medios  de  control 
como  son  los  Betatrones,  para  examinar  las  piezas  que  rebasan  la  capacidad  de 
los  rayos  X,  los  modernos  m6todos  de  ultrasonidos,  microscopios  electrdnicos, 
la  sonda  de  Castaing,  los  aparatos  de  fluorescencia,  las  edmaras  calientes  y  nu- 
merosos  otros  elementos  que  permiten  mejorar  did  a  dfa  la  calidad  de  los  aceros, 
que  pueden  fabricarse  adaptados  a  todas  las  necesidades  y  con  calidades  cada  vez 
mds  exigentes. 

A  esos  progresos  y  adelantos  de  las  fabricaciones  de  aceros,  deben  equipa 
rarse  los  medios  de  control  de  las  industrias  de  transformacidn  de  ios  aceros. 

Se  debe  igualmente  alcanzar  semejante  progreso  a  la  aplicacidn  y  manipu- 
lacidn  de  estas  aleaciones,  que  al  salir  del  fabricante  solo  representan  una  serie 
de  posibilidades,  pero  que  en  manos  de  los  utilizadores  pueden  adquirir  variadas 
condiciones  segiln  la  habilidad  con  que  sean  realizados  los  procesos  metaldrgicos 
y  los  tratamientos  tfirmicos  y  de  conformado  de  estos  materiales. 

Es  en  este  problema  donde  los  pafses  Latinoamericanos  deben  volcar  su 
esfuerzo,  pues  el  desarrollo  de  la  industria  exigird  que  el  porcentaje  del  6%  de 
aceros  no  comunes  (especiales  o  aleados)  que  actualmente  se  consume,  se  dupli 
que  en  muy  breve  tiempo. 

Es  anhelo  que  se  forme  ccnciencia  de  estos  problemas.  Se  han  elegido  los 
aceros  de  construccidn  no  comunes  por  ser  los  que  requieren  tdcnicas  mds  avan- 
zadas  en  su  aplicacidn  y  por  ser  materiales  que  se  importan  en  gran  proporcidn, 
siendo  fuentes  de  evasidn  de  divisas  y  que  resultardn  mds  onerosos  adn  si  sue 
apiicaciones  resultan  errdneas. 

Los  fabricantes  de  aceros  europeos  y  norteamericanos  son  optimistas  en 
cuanto  al  desarrollo  industrial  de  latinoamericanos  y  para  ellos  no  les  cabe  la  me 
nor  duda  de  que  deben  preveer  exportaciones  cada  vez  mds  importantes  de  aceros 
especiales  en  los  prdximos  anos. 
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Ese  optimismo  de  los  product© res  debe  tambidn  invadir  a  los  pafses  In ti - 
noamericanos  y  se  debe  trabajar  para  hacer  realidad  tales  previsiones. 

Argentina  y  Latinoamdrica,  tienen  un  gran  porvenir  en  este  campo  y  son 
sus  tdcnicos,  ingenieros  e  investigadores  quienes  dardn  las  bases  tdcnico-cientf 
ficas  para  alcanzar  el  desarrollo  de  la  industria  metaldrgica  en  general  y  de  la 
siderdrgica  en  particular,  que  en  alto  grado  contribuird  al  desarrollo  econdmico- 
social  de  nuestros  pueblos,  aspiracidn  comdn  de  estas  naciones  y  por  cuya  reali¬ 
dad  se  debe  trabajar  sin  descanso. 
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CELLULAR  METALLIC  MATERIALS 


by  S.  Lips  on 


Introduction 

The  development  of  foamed  plastics  and  their  application  as  materials  of 
construction  have  lent  a  certain  impetus  to  the  development  of  similar  metal  base 
materials.  The  first  successful  attempt  to  produce  an  aluminum  foam  was  the  re 
suit  of  an  Air  Force  contract  with  the  Bjorksten  Research  Laboratories,  Inc. 

The  method  used  was  similar  to  that  employed  for  plastic  foams  in  that  a  gas 
forming  component  was  added  to  the  molten  aluminum  alloy.  The  first  efforts-. were 
with  the  aluminum-magnesium  eutectic  composition  (55%  Mg-45%  Al)  with  either 
zirconium  or  titanium  hydride  dispersed  through  the  melt  as  the  foaming  agent. 
This  produced  a  metallic  foam  which  had  a  specific  gravity  of  0.5  to  0.6  gm/cc 
with  a  void  volume  of  approximately  75  per  cent  of  the  specimen  volume.  Some  of 
the  apparent  limitations  of  the  process  were  the  thickness  of  slab  that  could  be 
cast  and  the  uniformity  of  the  void  dispersion.  Another  apparent  limitation  was 
the  inability  to  cast  useful  shapes. 

In  1957,  Frankford  Arsenal  began  working  with  the  Harry  Diamond  Labor¬ 
atories  on  prototype  development  of  electronic  packaging  castings  for  missiles. 

The  use  of  a  foamed  metal  for  these  applications  appeared  attractive,  since 
strength  requirements  were  modest  and  the  damping  properties  of  such  material 
would  help  to  protect  the  electronic  components  from  vibration  damage.  The  low 
density  of  the  foamed  material  promised  significant  weight  savings  in  the  elec¬ 
tronic  components.  The  Bjorksten  material,  however,  suffered  from  the  limit¬ 
ations  noted  above  and  was  apparently  unsatisfactory  for  this  application.  It  was 
therefore  necessary  to  produce  these  components  in  solid  aluminum.  A  method 


+  Sec  References. 
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was  proposed  subsequently  for  a  process  which  would  be  capable  of  producing 
shaped  po)  Mis  castings  with  controlled  pore  size  and  distribution.  The  material 
produced  as  a  result  of  this  process  was  called  cellular  aluminum  rather  than 
foamed  aluminum,  since  foaming  played  no  part  in  the  method  of  production. 

Briefly,  in  this  process  use  is  made  of  a  refractory  mold  which  is  filled 
with  graded  soluble  granules.  The  alloy  is  infiltrated  throughout  the  compact  by 
methods  which  are  discussed  later  in  this  report.  After  solidification,  the  soluble 
granules  are  leached  out  of  the  structure,  leaving  a  cellular  metal  structure 
which  has  a  void  volume  of  approximately  70  per  cent. 

Preliminary  tests  showed  that  this  method  was  feasible.  The  intercon¬ 
necting  nature  of  the  voids  was  an  interesting  characteristic  and  suggested  a 
variety  of  other  possible  applications. 


MATERIALS  AND  METHODS 


Description  of  General  Process 


Cellular  metal  is  produced  by  a  foundry  process.  Molds  are  prepared  ac¬ 
cording  to  standard  practice.  Once  prepared,  the  molds  are  filled  with  a  suitable 
grade  of  soluble  granules.  Since  substantially  all  of  the  work  described  in  this 
report  deals  with  metals  having  casting  temperatures  no  higher  than  that  of  alu¬ 
minum,  the  soluble  granules  used  are  graded  crushed  rock  salt.  In  filling  the 
mold,  the  particles  tend  to  pack  in  the  most  effective  manner  permitted  by  the 
particle  shape.  Vibration  is  used  to  promote  this  packing.  Since  none  of  the 
particles  can  remain  suspended  in  space,  each  particle  must  contact  at  least  one 
other  neighboring  particle.  In  practice,  all  of  ;  c  particles  touch  many  adjoining 
particles. 

The  mold  is  then  heated  in  preparation  for  infiltration  by  the  molten  metal 
By  selecting  suitable  temperatures  the  particles  that  comprise  the  aggregate  be¬ 
come  sintered  into  a  coherent  briquette.  Figure  1  shows  part  of  such  a  briquette 
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which  was  removed  from  the  mold  after  the  heating  cycle. 

The  metal  is  now  melted,  brougnt  up  to  its  pouring  temperature,  and  poured 
into  the  salt-filled  mold.  By  methods  which  are  described  later,  the  molten  metal 
is  infiltrated  into  the  spaces  between  the  salt  particles  and,  once  in  place,  is  per¬ 
mitted  to  solidify.  The  casting  may  now  be  shaken  out  of  the  mold  and  is  ready  for 
any  necessary  machining.  The  casting  is  a  composite  material,  one  component 
being  the  salt  briquette  and  the  other  the  metal  infiltrant.  The  cellular  metal 
structure  is  exposed  by  leaching  away  the  salt  crystals  from  the  metalsalt  com¬ 
posite.  The  product  may  be  regarded  now  as  a  negative  of  the  porous  type  structure 
obtained  by  powder  metallurgy.  The  metal  component  may  be  compared  to  the  void 
component  of  the  powder  metal  compact  and,  conversely,  the  void  component  to 
the  metal  component  of  the  powder  metal  product. 

It  may  be  seen  that  this  process  permits  control  not  only  of  void  or  cell 
size,  but  also  of  cell  geometry  and  size  distribution.  The  details  of  accomplishing 
the  steps  outlined  above  are  described  in  the  following  sections. 


Soluble  Granules 


Ideally,  the  soluble  material  used  for  making  cellular  metal  should  be  a 
high- molting  point  salt  of  high- aqueous  solubility,  non-corrosive  to  the  metal 
infiltrant,  stable,  nonhygroscopic,  readily  available,  and  inexpensive.  Since  this 
investigation  primarily  pertained  to  the  production  of  aluminum  alloys  in  cellular 
form,  a  salt  had  to  be  selected  to  fulfill  the  requirements  as  related  to  these 
alloys.  A  review  of  potentially  suitable  materials  quickly  disclosed  that  sodium 
chloride  fully  satisfied  most  of  these  requirements.  In  fact,  the  only  serious 
limitation  was  the  corrosive  nature  of  sodium  chloride  brines.  Although  reference 
data  revealed  several  other  promising  salts,  on  the  basis  of  the  criteria  mention¬ 
ed  above  sodium  chloride  was  selected  as  it  was  far  superior  to  all  those  consider 
ed.  Table  I  presents  some  of  the  water  soluble  salts  which  are  suitable  for  this 
process,  although  due  caution  must  be  observed  before  they  are  so  employed.  The 
temperatures  and  times  required  for  infiltration  and  solidification  are  of  such 
magnitude  that  materials  normally  regarded  as  inert  may  react  in  an  unexpected 
manner. 

The  salt  used  in  this  work  was  a  commercial  grade,  marketed  as  "Louis- 
ianna  Rock  Salt"*.  It  was  obtained  in  moderately  coarse  lump  form,  being  pre- 


*  This  grade  is  99+  per  cent  sodium  chloride. 
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TABLE  I.  SOLUBLE  SUBSTANCES  FOR  CELLULAR  METAL  PRODUCTION 

Solubility 

(gm/100  ml  H2O  at 


Salt 

Formula 

Melting  Point 
(°C) 

Indicated  Tern 
(°C) 

Sodium  aluminate 

NaA102 

1650 

VS 

Sodium  carbonate 

NaCOo 

851 

VS 

Sodium  chloride 

NaCl 

801 

35.  7  (at  0°) 

Sodium  fluoride 

NaF 

980 

4.22  (at  18°) 

Sodium  iodide 

Nal 

651 

256.8  (at  60°) 

Sodium  metasilicate 

Na2Si02 

1088 

S 

Potassium  bromide 

KBr 

730 

53.48  (at  0O) 

Potassium  sulfate 

K2SO4 

1076 

24.1  (at  100°) 

Aluminum  fluoride 

aif3 

1040 

S 

Calcium  oxide 

CaO 

2572 

* 

*  Soluble  in  acids  and  solutions  of  NH4  salts 
NOTE:  VS  -  very  soluble;  S  -  soluble. 


The  properties  of  sodium  chloride  follow. 


Melting  point 

Coefficient  of  cubical  expansion 
Specific  gravity 
Specific  heat 

Aqueous  solubility 
OOC 
100°C 


801°C 

0.  000121/°C  (at  60°C) 

2. 165  gm/cc 

0.219  cal/gm/°C  (at  30QC) 


0.  357  gm/cc 
0. 391  gm/cc 


dominantly  4  to  8  mesh.  These  lumps  were  further  reduced  by  crushing  and  the 
crushed  salt  was  graded  according  to  particle  size.  Crushing  was  accomplished 
by  a  standard  reciprocating  jaw  crusher  with  adjustable  jaw  clearance. 

A  grade  of  salt  marketed  as  table  salt  was  also  employed  for  some  of  the 
materials.  This  was  composed  of  cubic  crystals.  The  sieve  analysis  of  this  grade 
is  given  in  Table  II.  in  order  to  obtain  spherical  particle  shapes  it  would  have 
been  necessary  to  act  up  a  procedure  for  pelletizing  salt  powders.  This  was  not 
done,  therefore  this  study  was  confined  to  either  cubic  or  angular  cell  geometries. 
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TABLE  II.  SIEVE  ANALYSIS  OF  STANDARD  DISTRIBUTION 


Salt  Aggregate  (Table  Salt  Grade) 
Particle  Shape:  Cubic 


U.S.  Std. 

Sieve  Opening 

Weight 

Mesh 

Sieve  No. 

Microns 

Inches 

<%) 

20 

20 

883 

0. 0331 

T’nce 

28 

30 

589 

0. 0234 

0.49 

35 

40 

414 

0.0166 

JL8.85 

48 

50 

295 

0.0117 

55.38 

60 

60 

250 

0. 0098 

16.62 

100 

100 

147 

0. 0059 

7.77 

Pan 

Pan 

- 

— 

0.89 

Molding 


Mold  materials  for  making  cellular  aluminum  castings  must  be  permeable 
in  order  to  provide  an  exit  for  the  air  contained  in  the  mold,  yet  must  be  resistent 
to  metal  penetration.  They  must  be  strong  up  to  temperatures  as  high  as  1400°F 
and  inert  to  both  salt  and  metaL  These  requirements  are  fulfilled  to  a  greater  or 
lesser  degree  by  silicate-bonded  and  plaster-bonded  silica  molds.  Other  types  of 
molding  media  may  be  modified  to  satisfy  these  requirements. 

The  process  requires  special  type  flasks  to  encase  the  molds.  These  flasks 
must  be  able  to  withstand  the  high  mold  temperatures  and  permit  water  cooling  of 
the  flask  in  order  to  induce  the  thermal  gradients  necessary  for  solidification 
control. 

Molding  problems  encountered  in  cellular  aluminum  casting  production 
fall  within  two  categories:  those  problems  associated  with  casting  of  billets  and 
those  dealing  with  shaped  castings.  Since  the  latter  process  is  simply  an  adaptation 
of  the  principles  involved  in  casting  of  billets,  the  discussion  will  be  limited  to  the 
methods  for  casting  billet  shapes. 

A  simple  set  of  flasks  for  casting  cylindrical  billets  can  be  prepared  from 
two  sections  of  stainless  steel  tube.  Figure  2  is  a  schematic  illustration  of  the 
method  for  molding,  casting  and  solidification  of  cellular  material.  The  two  tubes 
have  been  lined  with  approximately  1/4  in.  thickness  of  plaster.  The  shorter  tube 
serves  as  a  hot  top  or  riser.  The  longer  tube  which  is  provided  with  a  plaster  bot- 
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tom  serves  as  the  mold  cavity  for  the  billet  casting. 

The  plaster  linings  are  calcined  at  500°F  for  2-4  brs.  beloie  tilling  wjth 
the  soluble  aggregate.  After  cooling  to  room  temperature  the  mold  is  iiiled  a/vd 
ma-vimum  compaction  of  the  particles  is  achieved  by  vibration.  The  filled  mold  is 
returned  to  the  furnace  and  heated  for  12-18  hrf.  at  1350-1400°F.  The  temper¬ 
ature  is  then  lowered  to  1250°F  before  casting.  The  elevated  temperate x'e  treat¬ 
ment  serves  to  bond  the  particles  of  aggregate. 


■  Casting 


The  mold  and  riser  are  removed  from  the  furnace  and  positioned  between 
platens  as  shown  in  Figure  2.  The  asbestos  gaskets  prevent  leakage  of  metal 
between  the  mold  and  riser  and  prevent  the  coolant  from  coming  in  contact  with 
the  p luster  surface  at  the  bottom  of  ihe  mold  during  the  period  of  solidification. 
The  riser  sleeve  is  filled  w-ith  molten  metal  and  the  platens  are  closed.  With 
fine  mesh  aggregate  the  metal  will  not  infiltrate  until  pressure  is  applied.  The  air 
pressure  is  then  slowly  raised  (5  to  50  psi).  After  one  minute,  water  is  admitted 
into  the  coolant  jacket.  This  develops  the  thermal  gradient  necessary  for  progres¬ 
sive  solidification.  Pressure  is  maintained  until  solidification  is  complete.  The 
vater  is  then  drained,  the  platens  separated  and  the  mold  removed  and  allowed 
to  cool  before  further  processing. 


Machining 


Like  other  types  of  open  cell  materials,  cast,  cellular  alloys  pi*nscnt  some 
difficulties  in  machining.  The  usual  solution  to  these  problems  is  to  provide  some 
temporary  support  for  the  cell  walls  to  prevent  smearing  over  of  the  structure. 
These  materials,  however,  have  a  "buil-jn"  support  in  the  form  of  the  soluble 
salt  chase.  Accordingly,  if  machining  is  performed  prior  to  leaching,  close 
machining  tolerances  and  excellent  surface  finishes  may  be  obtained.  It  was  found 
that  slow  speeds  tend  to  prolong  cutting  tool  life.  Heavy  cuts  and  coarse  feeds  also 
favor  the  machinability  of  the  alloy.  High  machining  speeds  and  line  cuts  tend  to 
cause  ihe  cutting  edge  of  the  tool  to  become  heated  and  fail  through  abrasion  by 
salt  phas«  in  the  structure. 
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Leaching 


The  brines  generated  during  the  leaching  process  lend  to  be  corrosive  to 
ihe  metal.  The  rate  at  which  the  salt  can  be  leached,  therefore,  becomes  a  matter 
ol  importance  if  corrosion  during  this  phase  of  the  process  is  to  be  minimized.  In 
addition,  more  efficient  leaching  permits  use  of  finer  cell  material.  Accordingly, 
a  limited  study  of  leaching  rates  was  made.  Figure  3  shows  the  effect  of  thermal 
treatment  of  the  salt  briquette  on  the  leaching  rate.  Leaching  rate  increases  with 
time  at  temperature  because  the  intercellular  channels  become  larger  as  the  part¬ 
icles  in  the  aggregate  tend  to  fuse  together. 

In  order  to  accelerate  significantly  salt  removal,  it  is  necessary  to  employ 
some  kind  of  forced  leaching  practice.  It  was  found  that  agitation  of  the  leaching 
bath  has  little  effect  on  the  leaching  rate.  This  is  because  the  cellular  structure 
inhibits  effective  agitation  of  the  leaching  liquor  in  contact  with  the  salt  in  the  in¬ 
terior  of  the  material.  Further  consideration  of  the  leaching  process  indicated  the 
principal  mechanism  for  removal  of  the  salt  is  gravity  convection.  The  denser 
salt-laden  liquor  in  contact  with  the  salt  crystals  flows  down  through  the  structure 
to  the  bottom  cf  the  container  and  less  dense  liquor  moves  in  to  take  its  place. 

One  possible  means  for  speeding  this  process  is  to  promote  the  gravity  sepax-ation 
by  centrifuging  the  bath.  Figure  4  shows  the  effect  of  centrifuging  the  leaching 
bath  and  specimen  on  the  leaching  rate.  In  this  test,  the  bath  volume  was  small 
and  the  specimen  was  placed  at  the  center  of  rotation,  subsequent  tests  with  a 
larger  bath  and  the  specimen  placement  midway  between  the  axis  of  rotation  and 
the  walls  of  the  container  showed  far  greater  rates  of  salt  removal. 

In  addition  to  promoting  the  gravity  separation  of  the  salt-laden  liquor, 
the  centrifuge  method  tends  to  free  the  leaching  material  from  gas  bubbles  which 
become  lodged  in  the  cells.  If  these  are  not  removed  the  leaching  process  will 
eventually  stop  because  of  the  air  blocks  accumulating  in  the  channels. 

Another  method  which  was  found  to  be  effective  for  leaching  was  to  vibrate 
the  bath  at  sonic  frequencies.  The  material  to  be  leached  is  supported  close  to  the 
1  ath  surface  to  promote  gravity  convection.  The  vibration  tends  to  dislodge  any 
gas  bubbles  which  may  accumulate  in  the  structure. 


Heat  Treatment 

It  was  anticipated  that  the  interconnecting  structure  of  the  cellular  mater¬ 
ial  would  promote  its  response  to  heat  treatment.  However,  this  did  not  prove  to 
be  the  case.  Steam  generated  within  the  structure  prevents  the  quenching  water 
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from  entering  the  structure  until  it  had  cooled.  As  a  result,  it  was  found  that  heat 
treatable  alloys  did  not  show  the  expected  response  to  thermal  treatment.  An  at- 
tempi  was  made  to  force  quench  the  structure  by  clamping  the  material  between 
two  platens  and  forcing  water  into  both  ends  of  the  material.  This  was  found  to 
improve  response  to  heat  treatment  but  the  problem  of  steam  formation  within  fine 
structures  was  not  completely  resolved.  The  most  satisfactory  method  found  was 
to  perform  the  heat  treatment  prior  to  leaching.  Even  though  the  thermal  conduct¬ 
ivity  of  the  salt  phase  is  low,  it  is  still  much  greater  than  that  of  the  steam  formed 
in  the  structure  when  open  cell  quenching  methods  are  employed. 

Another  potential  advantage  of  deferring  the  leaching  operation  until  after 
solution  heat  treatment  is  that  the  presence  of  the  salt  phase  prevents  internal 
oxide  formation.  Since  solution,  treatment  is  usually  performed  in  air  furnaces  at 
temperatures  up  to  1000°F  for  long  periods  of  time,  substantial  oxide  thicknesses 
are  formed  over  exposed  surfaces . 


Density  Control 


The  process  for  manufacture  of  cellular  metals  does  not  readily  permit 
control  of  apparent  density  beyond  certain  fairly  narrow  limits.  A  limited  ex¬ 
ploratory  study  of  means  for  broadening  the  range  of  material  density  was  made. 
The  following  methods  were  examined: 


a.  Sintering. 

Prolonged  heating  of  the  salt  briquette  was  found  to  be  moderately 
effective  in  reducing  the  void  volume  of  the  briquette.  This  reduces  the 
weight  of  metal  that  can  be  infiltrated,  hence  the  lowered  density  of  the 
cellular  sample.  After  46  hrs.  at  14000,  the  apparent  density  of  a  cellular 
aluminum  alloy  was  reduced  from  approximately  0.88  g/cc  to  0.82  g/cc. 
Although  the  melting  point  of  sodium  chloride  is  1474°F  difficulties  were 
experienced  in  control  of  the  sintering  operation  at  temperatures  above 
1400QF. 


b ,  Duplex  Structu re . 

Duplex  struclnres  were  obtained  by  first  sintering  coarse  salt  ag¬ 
gregate  (6,  8  and  10  mesh)  at  1400°F  for  2  hrs. ,  cooling  to  room  temper¬ 
ature  and  infiltrating  the  briquette  with  a  fine  aggregate  (60  mesh)..  Th' 


■  ■gqpBIE 


W*  - 


X-9 


apparent  density  of  these  structures  were  approximately  half  of  the  values 
obtained  with  the  standard  distribution  aggregate.  The  lowest  density  was 
obtained  with  the  6  mesh/60  mesh  combination  (0.355  g/cc). 


c .  Cell  Size  Distribution. 

The  effect  on  apparent  density  produced  ’  y  varying  the  relative  pro 
portions  of  a  two  sieve  fraction  aggregate  was  determined.  This  differed 
from  the  duplex  structures  in  that  the  fine  and  coarse  fractions  were  thor¬ 
oughly  mixed  before  filling  the  mold  cavity.  The  optimum  ratio  .  of  cell 
diameters  was  first  determined  by  mixing  coarse  and  fine  sieve  fractions 
over  a  range  of  proportions  and  the  maximum  density  aggregate  determined. 
Figure  5  shows  these  data  and  indicates  that  a  40-60  ratio  of  fine  to  coarse 
is  optimum.  The  optimum  ratio  of  particle  diameters  was  determined  by 
mixing  various  fine  sieve  fractions  with  coarse  aggregate.  It  was  found 
that  a  density  plateau  was  reached  when  the  ratio  of  particle  diameters 
exceeds  3  (Figure  6). 


Cellular  Metals  Other  Than  Aluminum 


The  methods  described  can  be  used  with  appropriate  modifications  to  pro¬ 
duce  cellular  metals  other  than  aluminum.  For  metals  and  alloys  having  melting 
points  below  that  of  the  sodium  chloride,  the  procedures  followed  are  substantially 
identical  to  that  described  for  aluminum  except  that  mold  temperatures  and  cast¬ 
ing  temperatures  are  appropriately  adjusted.  The  following  table  presents  the 
mold  and  casting  temperatures  used  to  produce  cellular  structures  in  some 
metals  other  than  aluminum. 


Melting  Point 

Temperature  (°F) 

Metal 

(°F) 

Mold 

Casting 

Pb 

621 

665 

750 

Sn 

459 

500 

600 

Zn 

787 

840 

920 

Certain  metals,  however,  while  falling  within  the  melting  range  given  above, 
must  be  treated  differently  because  of  inherent  difference  in  their  characteristics. 

A  case  in  point  is  that  of  magnesium  and  its  alloys.  Because  of  their  reactive  na¬ 
ture  it  was  found  that  these  metals  must  be  cast  in  molds  which  have  been  properly 
inhibited.  One  satisfactory  mold  medium  tested  was  plaster-bonded  silica  similar 
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to  that  used  for  investment  casting  except  that  1  per  cent  boric  acid  was  added 
to  the  mix  as  an  inhibitor.  Just  before  the  metal  was  poured,  a  small  amount  of 
suipnur  was  dusted  over  the  salt  compact.  This  produced  and  SO2  atmosphere  in 
the  mold  and  completely  inhibited  burning  when  the  metal  was  poured  through  it. 
Pressure  to  produce  infiltration  was  applied,  using  argon  gas  at  10  to  20  psi. 

The  largest  casting  produced  by  this  technique  was  a  3  in.  diameter  billet.  For 
this  small  casting  it  was  possible  to  generate  thermal  gradients  in  the  solidifying 
casting  by  cooling  the  lower  extremity  of  the  mold  by  the  application  of  damp 
rags  to  the  flask  surface.  For  larger  castings  it  would  be  necessary  to  have  a 
water -jacketed  flask,  since  an  open  water  trough  for  cooling  would  be  too  much 
of  a  hazard. 


Leaching  of  the  magnesium-salt  composite  proved  to  be  considerably  more 
difficult  than  leaching  aluminum.  This  was  apparently  due  to  the  reaction  of  mag¬ 
nesium  to  water,  which  was  accelerated  by  the  presence  of  chloride  ion. 

It  was  possible  to  leach  thin  slices  of  this  material  without  excessively 
attacking  the  magnesium.  This  was  done  under  a  heavy  flow  of  water  which  de¬ 
creased  the  chloride  ion  concentration.  It  was  apparent,  however,  that  it  would 
be  necessary  to  find  satisfactory  corrosion  inhibitors  or,  perhaps,  means  for 
providing  cathodic  protection  to  the  metal  if  heavy  sections  were  to  be  satisfactor¬ 
ily  leached. 

Several  cellular  ferrous  castings  were  also  produced.  One  of  these  was 
an  austenitic  stainless  steel  of  the  18-8  type.  This  was  cast  in  a  silicate-bonded 
mold  with  calcined  limestone  (CaO)  chips  as  the  soluble  aggregate.  Since  no  at¬ 
tempt  was  made  in  this  limited  experiment  to  bond  the  chips,  it  was  necessary  to 
fit  a  ceramic  strainer  core  over  the  filled  cavity  in  order  to  keep  the  aggregate 
in  place  during  the  casting  operation.  The  mold  was  heated  to  1800°F  and  main¬ 
tained  at  temperature  for  a  sufficient  period  for  the  limestone  to  become  comple¬ 
tely  calcined.  The  molten  alloy  was  then  infiltrated  by  the  gravity  technique. 

Leaching  was  accomplished  with  a  dilute  nitric  acid  solution.  This  part  of 
the  process  was  rather  slow,  but  the  test  did  demonstrate  the  feasibility  of  pro¬ 
ducing  cellular  metal  of  a  ferrous  composition. 
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Efficiency  of  Infiltration 


It  is  interesting  to  determine  what  efficiency  is  actually  attained  in  the  in¬ 
filtration  operation.  In  this  respect,  efficiency  is  regarded  as  the  ratio  of  the 
weight  of  metal  actually  infiltrated  to  the  theoretical  weight  possible  to  infiltrate. 
When  this  ratio  is  less  than  unity,  either  the  interstices  between  the  salt  grains 
are  not  completely  filled  during  the  process  of  casting  or,  after  casting,  voids 
develop  in  the  metallic  phase  due  to  such  factors  as  gas  precipitation  or  unfed 
volumetric  shrinkage.  The  measure  of  efficiency  of  infiltration,  therefore,  is  one 
measure  of  the  quality  of  the  material. 

The. efficiency  of  infiltration  can  be  easily  ascertained  in  a  sample  of  simple 
geometry,  such  as  a  cylinder.  By  measuring  its  diameter  and  height,  the  total 
volume,  Vc,  can  be  determined.  The  weight  of  the  composite,  Wc,  can  also  be 
determined.  After  leaching,  the  weight  can  be  redetermined,  giving  Wa  the  weight 
of  the  aluminum.  The  difference  between  these  two  weighings  is  the  actual  weight 
of  salt  in  the  sample  composite.  From  the  known  density  of  the  aluminum,  Da, 
and  the  known  density  of  the  salt,  Dg,  it  is  possible  to  calculate  the  theoretical 
weight  of  aluminum  needed  to  fill  completely  the  interstitial  spaces  between  the 
salt  particles. 

This  computation  is  only  correct  if  each  salt  crystal,  which  completely 
fills  its  cavity  at  the  casting  temperature,  still  completely  fills  its  metal  cavity 
at  room  temperature.  However,  this  is  not  valid  since  a  significant  difference 
does  exist  in  the  coefficients  of  thermal  expansion  of  the  aluminum  and  the  salt. 

In  cooling  the  aluminum  alloy  from  its  solidification  point  to  room  temperature, 
the  volumetric  contraction  is  approximately  half  that  of  the  salt  crystals.  This 
means  that  after  the  composite  has  cooled  to  room  temperature  the  salt  crystals 
are  smaller  than  the  cavities  in  which  they  lie.  It  is  therefore  necessary  to  cor¬ 
rect  for  the  void  volume  resulting  from  the  greater  contraction  of  the  salt.  The 
exact  volume  of  voids  created  by  this  contraction  is  difficult  to  determine  due  to 
the  fact  that  the  data  relating  to  the  contraction  co-e.ficient  over  the  entire  tem¬ 
perature  range  are  noc  readily  available.  It  does  appear,  however,  that  this 
factor  would  be  approximately  5  per  cent.  In  order  to  bring  the  calculated 
absolute  values  of  efficiency  of  infiltration  into  closer  relationship  with  reality, 
it  was  decided  to  multiply  the  expression  (Wc  -  W  ),  which  represents  the  actual 
weight  of  the  salt  component,  by  a  constant,  K.  The  value  of  this  constant  for 
the  aluminum  alloy-  NaCl  composite  is  1. 05.  The  theoretical  weight  of  aluminum, 
W§,  can  be  expressed  as: 
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The  per  cent  efficiency  of  infiltration,  El,  is: 


W 

El  x  100 
Wa 


This  equation  was  used  to  calculate  the  El  of  the  specimens  used  for  the 
compression  tests. 

As  work  on  this  project  progressed,  as  might  be  expected,  a  gradual  im¬ 
provement  in  processing  techniques  occurred  with  consequent  improvement  in  the 
quality  of  the  cellular  metal  produced. 

It  is  important  to  demonstrate  the  current  level  of  development  with  respect 
to  quality. 

The  most  significant  parameter  which  can  be  related  to  quality  is  efficiency 
of  infiltration.  As  a  demonstration  of  the  current  quality  level,  four  cellular  cast¬ 
ings  (1--5/8  in.  in  diameter  by  6  in.  long)  were  prepared.  The  cell  sizes  correspond 
to  mesh  sizes /6,  /id,  /20,  and/40.  In  order  to  emphasise  the  severity  of  this 
test,  these  castings  were  made  with  high  purity  aluminum  rather  than  the  356  alloy 
which  had  been  used  for  most  of  the  prior  work.  The  pure  metal  substantially  in¬ 
creased  the  problem  of  overcoming  solidification  shrinkage.  Three  1-in.  high 
cylinders  were  removed  from  designated  beat  ions  along  the  length  of  each  cast¬ 
ing.  These  cylinders  were  machined  to  1-1/2  in.  diameter,  carefully  measured 
and  leached,  and  the  efficiency  of  infiltration  and  apparent  density  were  calculated. 
The  results  of  these  tests  are  shown  in  Figure  7. 

All  nine  samples  representing  the /o,  /10,  and/20  cell  sizes  showed  a 
constant  El  of  more  than  98  per  cent  along  the  full  length  of  casting  tested.  The 
slightly  lower  El  values  obtained  for  the  /40  cell  size  material  are  probably  due 
to  the  larger  number  of  interstices  between  adjacent  grains  that  have  to  be  filled. 
Incomplete  filling  is  probably  responsible  for  deviations  from  the  desired  100  per 
cent  EI.  The  apparent  density  values  are  rela.ively  constant  over  the  length  of 
each  specimen.  The  variation  in  apparent  density  among  specimens  is  due  tc  dif¬ 
ferences  existing  in  the  panicle  size  distributions  of  the  sieve  fractions  used. 

Even  (hough  a  single  sieve  fraction  was  taken  for  each  cell  size,  certain  variations 
in  relative  particle  size  distribution  would  be  expected. 
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Mechanical  Properties 


The  mechanical  properties  of  cellular  aluminum  have  yet  to  be  completely 
defined.  Because  of  its  simplicity  and  the  relationship  that  it  bears  to  the  strucr- 
tural  loading  anticipated  for  the  material,  compressive  strength  was  selected  as 
the  principal  parameter  for  study.  Specimens  for  test  were  machined  to  cylinders, 
1.500  in.  in  diameter  and  1.  000  in.  high.  They  represented  cell  dimensions  cor¬ 
responding  to  granule  sizes  of  4  to  60  mesh  with  both  angular  and  spherical  shapes. 
The  36G  alloy  (7%  Si-u.3%  Mg)  was  selected  as  a  representative  aluminum  alloy 
and  the  specimens  were  tested  h  both  the  as-cast  and  heat  treated  conditions.  The 
compressive  index  figure  was  the  one  commonly  used  for  materials  of  this  type, 
which  is  the  stress  level  recorded  at  10  per  cent  compression.  In  addition,  the 
stress  level  at  0.2  per  cent  offset  was  also  recorded.  One  series  of  specimens 
was  tested  as  metal-salt  composites,  and  a  few  metal-plastic  and  metal-ceramic 
specimens  were  also  included.  A  few  tensile  test  specimens  were  also  prepared 
and  tested. 

The  compressive  strength  and  other  data  are  graphically  presented  in  Fig. 
8.  Cellular  metal  of  this  alloy  in  the  as-cast  condition  will  support  a  load  of  ap¬ 
proximately  3000  psi  at  10  per  cent  deformation.  The  spread  of  values  obtained 
for  variations  in  cell  size  is  small  and  it  is  evident  that  cell  size  does  not  in¬ 
fluence  the  compressive  strength  of  the  material.  This  is  apparently  due  to  the 
fact  that  variations  in  cell  size  are  simply  a  scaling  phenomenon  in  exactly  the 
same  way  that  variations  in  cross  sectional  areas  are  a  scaling  phenomenon.  This 
can  be  seen  in  Figure  9,  which  shows  a  series  of  cell  structures  having  cell  di¬ 
mensions  corresponding  to  a  range  of  salt  particles  from  ^8  to  ^40. 

Table  III  shows  the  tensile  strength  of  cast-to-size  tensile  bars  tested  in 
the  as-cast  and  T-6  condition.  These  bars  were  cast,  using  an  investment  mold 
produced  by  the  lost  wax  technique.  The  strengths  obtained  are  quite  low.  Heat 
treatment  of  the  cellular  specimens  to  the  T-6  condition  increased  the  strength  in 
approximately  the  same  proportion  as  would  be  expected  with  solid  metal. 


TA3LS  IU.  TENSILE  PROPERTIES  OF  CELLULAR  356  ALLOY 


Ultimate 


Cell 

Strength 

Elongation 

Form 

Size 

Condition 

(psiL_ 

I&ilLl  inj 

Angular 

20 

As-cast 

1750 

1.5 

Angular 

20 

T-6 

3200 

1.0 
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Metallogi-aphie  samples  were  prepared  from  cellular  356  alloy  of  an  inter¬ 
mediate  cell  size  (#10).  One  of  the  samples  represented  the  as-cast  condition  and 
the  other  the  solution  treated  and  aged  condition  (T-6).  These  structures  are  shown 
in  Figure  10.  The  silicon  constituent  is  present  as  a  coarse  phase  in  both  conditions. 
Prior  to  heat  treatment,  the  lamellar  silicon  structure  is  typical  of  alloys  of  this 
type.  After  heat  treatment  (which  consisted  of  solution  treating  at  1000°F  for  16 
hrs. ,  quenching,  and  aging  at  310°F  for  4  hrs. )  the  silicon  particles  became 
rounded.  A  few  finely  dispersed  voids  evident  in  the  structures  are  probably  due 
to  unfed  solidification  shrinkage. 


Thermal  Properties 


Cellular  aluminum  is  interesting  from  a  heat  transfer  viewpoint  because: 


(1)  The  cells  are  completely  interconnecting. 

(2)  The  ratio  of  surface  area  to  volume  is  large. 

(3)  The  thermal  conductivity  of  aluminum  is  high. 

(4)  The  cell  size  can  be  accurately  controlled. 


In  order  to  evaluate  this  material  for  possible  heat  exchange  applications, 
a  simple  heat  exchanger  was  constructed  (Figure  11). 

The  test  apparatus  consisted  of  a  heated  liquid  b«th  contained  in  an  in¬ 
sulated  steel  tank  (0.25  ft3  capacity)  with  a  copper  tube  (1.25  in.  ID)  running 
through  the  center  of  the  tank.  A  flowmeter,  mercury  thermometer,  and  pressure 
gage  were  installed  on  one  side  of  the  heat  exchanger.  These  instruments  record¬ 
ed  the  conditions  under  which  compressed  air  was  passed  into  the  exchanger.  The 
exit  temperature  (T2)  was  measured  by  means  of  a  thermocouple  placed  on  the 
exit  side.  The  presure  on  the  exit  side  was  assumed  to  be  zero.  Liquid  bath  tem¬ 
perature  (Tg)  was  measured  by  means  of  a  thermometer  immersed  in  the  bath. 
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Heat  transfer  mte  from  the  bath  io  the  air  was  calculated  from  the  measured  flow 
rate  and  the  change  in  inlet  and  outlet  temperatures  of  the  compressed  air  (;iT). 

Cellular  inserts  were  machined  to  such  dimensions  that  they  could  be 
firmly  pressed  into  the  tube.  Heat  transfer  measurements  were  made  with  the 
blank  tube  and  with  a  variety  of  biserts  in  position  within  the  tube.  Bath  temper¬ 
atures  were  controlled  by  luuinlajiing  either  water  or  concentrated  brine  at  the 
boiling  point,  borne  experiments  were  run  with  heated  quenching  oil  and  with  molten 
heat  treating  salt. 

The  location  of  the  thermocouple  tip  at  the  exit  side  of  the  heat  exchanger 
was  determined  empirically  by  maintaining  the  bath  at  212°F  and  making  exit 
temperature  measurements  under  various  conditions  of  flow  rate  and  tip  place¬ 
ment.  A  cellular  insert  having /6  (3.3  mm)  cell  size  was  used.  Temperatures 
measured  at  both  axial  and  peripheral  locations  in  the  immediate  proximity  of  the 
tixithndof  the  tube  were  practically  identical.  In  the  later  experiments  the  tip  was 
located  axially  with  respect  to  the  insert  and  1/4  in.  from  its  exit  surface.  Fig. 

12  shows  the  gas  temperatures  measured  at  varying  flow  rates  at  the  exit  end  of 
a  blank  tube  and  one  which  was  fitted  with  a  cellular  insert.  The  pressures  re¬ 
quired  to  achieve  the  flow  rates  through  the  cellular  insert  are  also  plotted. 

The  data  show  a  marked  increase  in  the  exit  gas  temperature  due  to  the 
presence  of  the  insert.  Without  the  insert  the  air  temperature  decreases  at  a 
more  rapid  rate  with  increasing  flow  rates.  At  flow  rates  exceeding  25  cfm  through 
the  blank  tube,  the  exit  temperatures  tend  to  approach  an  asymptote  with  the 
abscissa.  The  temperature  relationship  to  gas  flow  follows  a  similar  pattern 
for  the  tube  containing  the  insert.  However,  for  practical  reasons,  the  tests 
were  terminated  at  a  pressure  of  35  psi  and  s  flow  rate  of  40  cfm. 


Effect  of  Cellular  Insert  on  Rate  of  Her'  'ransfer 


Figure  13  shows  the  rate  of  heat  transfer  to  air  occurring  in  a  blank  tube 
and  in  one  with  a  10-mesh  cellular  insert  (1.65  mm  cell  size)  at  two  bath  temper¬ 
atures.  The  lower  bath  temperature  was  maintained  by  boiling  water  and  the 
higher  temperature  (4950F)  by  maintaining  a  low  temperature  heat  treating  salt 
at  the  test  temperature. 

The  data  obtained  show  a  marked  increase  in  the  rate  of  heat  transfer 
occurring  in  the  tubes  containing  inserts.  For  the  experiment  conducted  at  212QF, 
the  percentage  increase  in  rate  appears  to  be  leveling  off  at  approximately  350 
per  cent.  At  495°F,  the  per  cent  increase  of  heat  transfer  is  somewhat  below  that 
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of  the  data  observed  at  2120F.  One  possible  explanation  may  be  that  the  difference 
is  due  to  a  poorer  fit  in  the  case  of  the  insert  used  with  the  higher  bathtemper- 
ature.  These  tests,  however,  do  demonstrate  the  advantage  of  employing  cellular 
metal  to  enhance  the  heat  transfer  rate  between  a  gas  and  a  heated  tube. 

An  investigation  of  heat  transfer  rates  with  inserts  having  cell  sizes  eor- 
rresponding  to  salt  crystals  of  from  4  to  20  mesh  showed  that  the  rates  were  in¬ 
dependent  of  the  cell  size  over  this  range.  The  smaller  cell  sizes,  however,  de¬ 
veloped  high  back  pressures.  Subsequent  \.ork  on  modification  of  the  cellular 
structures  through  extrusion  showed  that  resistance  to  gas  flow  can  be  markedly 
reduced  through  changes  in  cell  geometry.  This  effect  will  be  discussed  in  the 
section  dealing  with  extrusion  of  cellular  materials. 


Thermal  Conductivity 


In  addition  to  these  thermal  studies,  several  cellular  aluminum  samples 
were  prepared  for  thermal  conductivity  measurements.  Some  of  these  tests  were 
conducted  by  N.  L.  Hyman  at  the  University  of  Maryland(2).  (The  reference  con¬ 
tains  a  description  of  the  samples  and  the  apparatus  employed  for  these  tests). 
Samples  composed  of  a  single  cell  size  distribution  (65  per  cent  voids)  were  found 
to  have  a  thermal  conductivity  of  approximately  15  per  cent  of  the  solid  metal. 

Samples  were  also  submitted  to  E.E.Drucker  at  Syracuse  University  and 
the  data  obtained  from  these  samples  were  plotted  (Figure  14).  These  results  are 
in  substantial  agreement  with  the  tests  conducted  by  Mr,  Hyman.  The  thermal  con 
ductivity  of  pure  aluminum  is  about  120  Btu/(hr)(sq  ft)(°F/ft)  at  the  average  tem¬ 
perature  used  for  the  tests.  The  test  results  indicate  a  conductivity  of  appro*xi- 
mately  13  per  cent  of  the  solid  metal.  The  finer  structures  tend  to  show  slightly 
better  thermal  conductivity. 


Energy  Dissipation 


The  compressibility  oi  cellular  aluminum  can  be  used  for  controlled  dis¬ 
sipation  of  energy.  The  possibility  of  such  applications  led  to  a  study  of  the 
characteristics  of  these  materials  when  suojected  to  compressive  forces.  Figure 
15  is  a  compression  test  record  of  three  aluminum-magnesium  alloys.  These 
data  correlate  with  the  inherent  strength  of  the  material.  With  materials  of  this 
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type  compressive  loading  can  be  continued  through  substantially  complete  collapse 
of  the  voids  in  Die  structure.  Accompanying  each  increment  of  material  yielding 
is  an  accommodation  to  the  load.  As  tre  cells  continue  to  collapse  the  area  that  a 
given  specimen  presents  to  the  load  increases  through  barreling  and  the  applied 
load  rises  precipitously.  Figure  15-A  shows  the  appearance  of  compression  test 
specimens  after  various  stages  of  compression.  This  pattern  of  compressive  be¬ 
havior  can  be  altered  as  a  function  of  he  mechanical  properties  of  the  alloy  in 
the  structure.  Table  IV  gives  the  calc  dated  energy  dissipation  per  pound  of  ma¬ 
terial  during  the  deformation  of  varices  alloys. 


TABLE  IV.  ENERGY  DISSIPATION  OF  CELLULAR  ALUMINUM  ALLOYS 
Cell  Size:  (Table  Salt  Distribution)* 


Alloy 

Designation 


Deformation 

. . (%) _ 


Total  Energy  Dissipation 
_ ffv -lb/lb)  _ _ 


7075-T6 
7075-T6 
220- T4 
220- T4 
195-T62 
195-T62 


40 

7,600 

70 

15,000 

40 

5,600 

65 

18,000 

40 

5,800 

68 

20, 000 

*See  Table  R. 
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EXTRUDED  CELLULAR  METAL 


The  working  of  a  cellular  metal  skeleton  will  result  in  compaction  of  the 
material  and  reduction  in  the  void  volume.  In  order  to  prevent  closing  of  the  voids 
during  working,  it  is  necessary  to  perform  the  working  operation  with  the  soluble 
component  "in  situ".  The  following  working  processes  were  examined  as  possible 
means  for  reduction  of  composite  metal-salt  billets:  (a)  rolling;  (b)  swaging;  and 
(c)  extrusion.  Test  billets  prepared  for  the  iirst  tw’o  methods  were  sheathed  with 
solid  aluminum  envelopes  in  an  attempt  to  avoid  break-up  of  the  composite  during 
reduction.  The  material  resulting  from  both  of  these  processing  procedures  was 
unsatisfactory.  This  was  attributed  to  the  lack  of  sufficient  constraint  during 
working,,  which  permitted  break-up  to  occur. 

The  extrusion  process  appeared  to  offer  the  degree  of  constraint  for  the 
material  that  was  thought  to  be  necessary.  Since  a  hot  extrusion  facility,  neces¬ 
sary  for  aluminum,  was  not  available  at  Frankford  Arsenal,  it  was  decided  to 
employ  a  model  of  the  system  to  test  its  feasibility.  Lead-salt  composite  billels 
were  prepared  and  extruded  through  a  0. 50-in.  diameter  die.  A  Watson-Stilman 
press,  used  to  extrude  antimonial  lead  bullet  core  stock,  was  used  for  this  pur¬ 
pose. 


Extrusion  Procedure 


Three  billets  were  prepared  for  these  tests.  Figure  16  shows  leached 
sections  of  two  of  these  billets.  The  metal  is  9  per  cent  antimonial  lead,  the 
billets  are  4.5  in.  in  diameter  . by  5  in.  long,  and  the  average  cell  diameters  are 
0. 039  in.  and  0. 033  in.  The  third  billet  was  prepared  in  a  manner  identical  to 
that  represented  by  the  coarser  cell  material  except  that  pure  lead  wag  used. 

The  extrusion  press  had  its  cylinder  oriented  vertically  and  the  extrusion 
direction  was  downward.  A  conical  die  was  inserted  in  front  of  the  extrusion  die 
to  promote  proportional  reduction  of  the  billet  cross  section.  This  apparently  was 
effective  since  the  thin  solid  skin  which  surrounded  the  billet  section  was  trans¬ 
ferred  to  the  extruded  rod.  Figure  17  shows  a  partially  extruded  billet  which  was 
removed  from  the  press.  The  salt  was  leached  to  more  clearly  show  the  flow  pat¬ 
tern. 


Extrus;on  was  begun  with  material  and  dies  at  room  temperature.  At  a 
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pressure  of  800  tons  (40  tons/in2),  which  happened  to  be  the  limit  of  the  press 
capacity,  the  composite  material  began  to  move  slowly  through  the  die,  ks  ex¬ 
trusion  proceeded,  the  rate  increased  due  to  heat  generated  in  the  billet  and  die 
during  ext  i  us  Jon.  When  the  pure  lead-salt  composite  was  extruded,  the  material 
Legan  to  move  at  a  pressure  of  SCO  tons  (20  ons/in2).  The  extrusion,  however, 
was  unsatisfactory.  It  appeared  that  the  salt  composite  fractured  during  the 
process. 


Examination  of  the  Extrusions 


Visual  examination  of  the  extrusions  revealed  that  the  composites  which 
contained  the  9  per  cent  antimonial  lead  did  not  suffer  from  any  signs  of  break¬ 
up  during  processing.  The  edge  revealed  a  large  number  of  cells  mrough  the 
section  and  was  fui*ther  evidence  that  the  composite  deformed  as  a  unit.  The  pure 
lead  sample,  however,  behaved  differently  in  the  press.  It  appeared  that  the  salt 
crystals  fractured  during  extrusion  and  were  carried  through  embedded  as  frag¬ 
ments  in  the  lead  matrix.  In  addition,  many  surface  imperfections  appeared  on  the 
extruded  rod. 

In  order  to  make  a  visual  examination  of  the  condition  of  the  salt  compo¬ 
nent  after  extrusion,  the  metal  compoxient  was  melted  away  with  a  torch,  exposing 
the  salt.  This  confirmed  the  observations  made  on  the  extrusion  itself.  The  salt 
contained  in  the  antimonial  lead  composites  showed  evidence  of  having  been 
plastically  deformed  during  extrusion  and  was  recovered  as  bundles  of  fine  fila¬ 
ments.  Figure  18  shows  a  typical  example  of  the  condition  of  the  salt  after  ex¬ 
trusion.  The  salt  contained  in  the  pure  lead  composite  was  present  in  the  for  m 
of  fragments  which  were  not  much  smaller  than  that  contained  in  the  extrusion 
billet. 


If  it  is  assumed  that  the  xtruded  billets  are  proportionately  reduced  dur¬ 
ing  extrusion,  the  cell  dimensions  of  the  extruded  material  can  be  pre  ’  3ted  on 
the  basis  of  the  cell  dimensions  of  the  extrusion  billet.  The  cross  sectional  area 
of  the  cell  in  the  extruded  material  is  reduced  by  a  factor  which  is  the  square  of 
the  reduction  ratio.  In  the  case  of  a  9:1  diameter  reduction,  the  sectional  area  of 
the  cell  in  the  extruded  material  is  81  times  smaller  than  that  of  the  billet.  In 
order  to  account  for  ■'he  full  volume  of  material  contained  in  the  original  cell,  the 
extruded  cell  must  be  81  times  longer  than  that  of  the  cell  in  the  billet.  Its  length 
in  relation  to  the  diameter  of  the  cells  in  the  extruded  rod  is  r^de,  where  r  is  the 
reduction  ratio  and  de  is  the  cell  diameter  in  the  extrusion.  Measurements  made 
on  the  filaments  recovered  from  the  extruded  material  confirmed  the  hypothesis 
that  the  billet  reduction  was  proportional  throughout  its  entire  section.  The  di- 


X-20 


mensions  of  these  filaments  very  closely  agreed  with  those  computed  from  the 
original  cell  size.  Figure  19  shows  radiographs  of  1/8  in.  thick  sections  taken 
from  the  extruded  rod.  It  ean  be  clearly  seen  that  the  structure  which  is  character 
istic  of  the  billet  (9per  cent  Sb)  has  been  carried  through  to  the  extruded  -od.  The 
pure  lead  sample,  however,  confirms  that  deformation  of  the  salt  did  not  occur 
and  that  it  is  present  as  fragments  of  the  original  aggregate. 

In  order  to  confirm  that  the  extras  mn  experiments  conducted  with  the  lead 
alloy-salt  composites  were  valid  for  a  metal  like  aluminum,  a  cellular  aluminum 
extrusion  was  prepared.  The  original  cell  size  of  the  composite  billet  was  equival 
ent  to/4  mesh  and  a  3  in.  billet  was  ext ruded  through  a  1  in.  die.  Figure  20 
shows  a  longitudinal,  diagonal  and  transverse  section  of  the  leached  extrusion. 

The  solid  wall  is  the  result  of  preparing  the  extrusion  billet  with  a  solid  skin. 
Under  these  conditions  the  average  cell  length  is  equivalent  to  30  cell  diameters. 
The  flow  of  air  through  this  structure  was  compared  with  the  earlier  data  obtained 
in  the  course  of  the  heat  transfer  experiments  with  equi-axed  cellular  structure. 
The  rates  of  heat  transfer  for  the  extruded  cellular  structure  were  approximately 
equal  to  that  obtained  with  the  as-cast  material.  The  pressure  required  to  force 
air  through  the  structure  at  a  given  rate,  however,  was  smaller  by  a  factor  of 
approximately  30.  This  was  attributed  to  the  fewer  number  of  intercellular  chan¬ 
nels  per  unit  of  tube  length.  This  is  a  result  of  the  elongated  cell  geometry  in  the 
cellular  material. 


POTENTIAL  APPLICATIONS 


A  recent  report  issued  by  the  Otiice  of  Tec  mical  Sendees  of  the  Depart¬ 
ment  of  Commerce(3)  reviews  the  broad  concepts  which  have  motivated  the  de¬ 
velopment  of  processes  for  preparation  of  porous  or  cellular  metal.  This  report 
also  discusses  potential  application  for  these  newly  developed  materials.  Sub¬ 
stantial  differences  in  the  characteristics  of  the  materials  produced  by  different 
processes,  however,  would  justify  the  compilation  of  a  list  of  such  applications 
for  a  specific  type  of  material.  The  successful  development  of  any  specific  ap¬ 
plication  depends  on  selection  of  a  material  of  appropriate  form  and  composition 
for  the  application.  The  following  are  suggested  as  product  areas  that  should  be 
considered  for  these  materials. 


As-Cast  Cellular  Materials 


Meta llic  Filters 


The  large  void  volume  promises  the  possibility  of  filter  elements  which 
would  have  substantially  greater  particle  retention  characteristics  than  powder 
metal  filters.  It  would  be  necessary  to  refine  techniques  used  for  cellular  metal 
production  in  order  to  exercise  greater  control  of  the  dimensions  of  the  inter¬ 
cellular  channels.  This  would  probably  require  the  use  of  accurately  controlled 
spherical  soluble  granules. 


Exhaust  Muffler  Elements 


Powder  metallurgy  components  have  recently  come  into  use  as  difusers 
for  the  exhaust  of  pneumatic  tools.  Applications  of  this  type  can  no  doubt  be  filled 
by  cellular  metals  with  equal  or  better  facility.  This  suggests  the  possibility  of 


X-i'i: 


use  as  exhaust  elements  for  internal  combustion  engines.  Components  made  of 
cellular  material  may  be  much  more  efficient  ihan  conventional  baffle  elements 
and  may  possibly  be  designed  to  reduce  the  amount  of  exhaust  particles  released 
to  the  atmosphere. 


Bearing  Materials 


The  cellular  skeleton  may  be  used  as  a  means  for  .  providing  structural 
support  for  lead  and  tin  base  bearing  compositions.  The  characteristics  of  the 
material  permit  much  larger  percentages  of  the  active  bearing  component  to  be 
incorporated  in  the  material  than  is  possible  with  either  powder  metallurgy  or 
conventional  alloying. 


Sandwich  Core  Material 


The  nature  of  cellular  metal  is  such  that  it  is  not  competitive  with  honey¬ 
comb  structures  because  of  its  substantially  greater  density  than  that  typical  of 
honeycomb  construction.  It  may,  however,  find  application  in  structures  where 
contoured  sections  must  be  supported  by  a  lightweight  core.  This  may  be  in  such 
areas  as  leading  edges  of  wings  or  fin  surfaces.  This  can  be  accomplished  by 
using  cellular  cores  and  casting  the  desired  skin  against  it.  The  metal  would  be 
firmly  keyed  to  the  cells  at  the  surface  of  the  core  and  would  benefit  from  the 
chilling  that  the  cellular  core  would  provide.  Such  a  structure  would  very  likely 
require  neither  brazing  nor  organic  adhesive  for  assembly.  More  important  than 
this,  however,  is  that  it  may  be  possible  to  provide  transpiration  cooling  for  such 
structures  by  circulation  of  suitable  coolants  through  the  interconnecting  cells 
that  make  up  the  core. 


Jigs  and  Fixtures 


Cellular  metal,  particularly  in  fine  mesh  sizes,  is  capable  of  being  easily 
deformed  to  take  i*easonably  accurate  impressions  of  a  solid  metal  body  of  greater 
strength.  This  property  suggests  a  possible  use  in  the  construction  of  machining 
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jigs  and  fixtu.  es.  A  stock  part  may  be  used  to  hob  its  impression  in  a  block  of 
specially  prepared  cellular  material.  This  impression  can  then  be  mounted  in  the 
particular  machine  or  fixture  intended  for  the  operation,  and  subsequent  parts 
can  be  accurately  positioned  by  means  of  the  hobbed  cavity.  The  porous  nature  of 
the  material  may  also  be  of  benefit  in  permitting  coolant  liquid  or  gasses  to  be 
directed  against  the  component  while  it  is  being  machined  or  otherwise  proces¬ 
sed.  The  low  density  of  the  material  may  be  a  further  significant  advantage, 
particularly  if  the  fixture  requires  manual  handling. 


Energy  Absorption  Material 


One  of  the  unique  properties  of  cellular  metal  in  comparison  with  other 
metallic  materials  is  the  nature  of  its  response  to  compressive  loads.  Cellular 
metal  can  absorb  energy  by  the  mechanism  of  relatively  easy  and  controlled 
collapse  of  the  cell  walls.  This  suggests  that  in  a  combination  of  two  materials, 
one  strong  and  the  other  weak,  the  weaker  material  may  afford  protection  for  the 
stronger  material  by  its  sacrificial  collapse  and  attendant  absorption  of  energy. 
This  characteristic  suggests  applications  where  it  is  desired  to  absorb  energy  re 
leased  by  accidental  impact.  A  cellular  metal  element  of  the  proper  energy-ab¬ 
sorbing  capacity  may  be  useful  in  preventing  serious  damage  to  a  vehicle  and  its 
occupants  when  it  is  involved  in  an  accidental  collision. 


E  lectrochemicai  Processes 


The  combination  of  permeability  and  large  surface  area  may  be  employed 
to  advantage  in  electrochemical  processes.  This  would  be  principally  in  connection 
with  electrodes  which  can  be  prepared  to  provide  increased  surface  area.  These 
applications  include  plating  processes,  battery  electrodes,  and  anodes  for  galvanic 
corrosion  protection  of  such  structures  as  water  tanks,  pipe  lines,  and  ship  hulls. 


Composite  Materials 


The  process  for  cellular  metal  manufacture  may  be  adapted  to  the  produc- 
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tion  of  composite  materials.  This  can  be  accomplished  either  by  means  of  second¬ 
ary  infiltration  of  a  lower  melting  material  into  the  cellular  skeleton  or  by  using 
the  secondary  substance  as  the  aggregate  for  filling  the  mold.  The  former  method 
is  illustrated  by  the  proposed  application  for  bearing  materials.  The  latter  method 
may  be  used  for  the  production  of  composites  for  radiological  shielding.  Some  of 
the  systems  thus  far  suggested  include  lead-boron  carbide  and  aluminum-boron 
carbide.  By  this  means,  relatively  large  volumes  of  boron  carbide  can  be  retained 
in  an  aluminum  matrix,  which  will  rot  only  support  the  active  shielding  material 
but  will  be  of  structural  benefit  to  the  system. 


Extruded  Cellular  Materials 


Filters 


By  control  of  the  cell  size  oi  the  billet  and  the  extrusion  ratio,  it  shoud  be 
possible  to  economically  produce  extruded  cellular  stock  of  aluminum  bass  alloys 
having  highly  directionally-oriented  cells  of  accurately  controlled  crosa  section. 
This  stock  could  be  sliced  and  leached  to  form  disc  filters.  Filters  of  this  type 
should  be  much  superior  to  currently  available  types  because  the  directionality 
of  the  pores  or  cells  would  correspond  exactly  with  the  direction  of  flow.  This 
would  minimize  pressure  drop  through  the  filter  and  would  permit  the  manufacture 
of  filter  discs  having  any  desired  characteristic  for  the  exclusion  of  undesirable 
particles.  For  example,  a  billet  prepared  with  100-mesh  soluble  aggregate,  re¬ 
duced  ten  diameters  by  extrusion,  would  have  cells  which  are  0. 015  mm  (0. 0006 
in.)  in  diameter  and  15  mm  (0.6  in.)  long.  A  disc  0.2  in.  thick  cut  from  this  ex¬ 
trusion  would  have  two-thirds  of  its  cells  n.n  completely  through  the  section. 


Heat  Exchanger  Tubes 


Tube  bundles  of  the  type  used  for  heat  exchange  applications  could  be  con¬ 
veniently  fabricated  by  this  technique  providing  the  tube  lengths  required  are  not 
excessive.  An  extrusion  billet  prepared  with  a  solid  skin  representing  5  per  cent 
of  its  diameter  and  containing  2  in.  diameter  aggregate  could  be  reduced  ten 
diameters  by  extrusion.  This  would  result  in  extruded  rod  which  would,  in  effect, 
be  a  bundle  of  tubes,  each  0. 2  in.  in  diameter,  and  would  run  for  2,  000  in.  in 
length.  The  tube  bundle  would  be  sheathed  in  a  solid  skin  representing  5  per  cent 
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of  its  diameter.  It  should  be  feasible  to  leach  rods  several  feet  in  length  to  form 
the  tube  bundles.  An  8-ft.  rod  produced  under  these  conditions  would  have  95  per 
cent  of  its  cells  run  the  complete  length  of  the  rod. 


Ultrafine  Wire  Manufacture 


The  same  extrusion  process  used  to  produce  the  long  cellular  structure 
should  be  amenable  to  the  manufacture  of  ultrafine  wire.  This  could  be  done  by 
using  the  metal  phase  as  aggregate  and  preparing  a  salt-metal  composite  extrusion 
billet.  This  application  may  be  visualized  as  a  bundle  of  copper  wires  completely 
embedded  longitudinally  in  a  salt  matrix.  If  the  wires  are  0. 010  in.  in  diameter 
and  the  extrusion  ratio  is  20,  the  wire  diameter  would  be  reduced  to  0. 0005  in. 
and  each  wire  would  be  drawn  out  to  400  times  its  original  length.  The  wires  could 
be  recovered  from  the  extruded  rod  by  leaching  and  spooling  the  wire  as  the  sur¬ 
face  strands  are  freed  by  the  leaching  liquor.  This  technique  could  be  applied  not 
only  to  round  wire,  but  also  wire  that  is  square,  oval,  or  any  other  desired  shape. 
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Fig.  3  Effect  of  Thermal  Treatirant  on  Leaching  Rate  (Static).  Bath 
Size:  1  Gallon.  Specimen  Size:  2"  Dia.  x  2”  l£.  Water 
Change:  1  Hr  Intervale 


Fig.  4  Effect  of  Centrifuge  on  Leaching  Rate.  Bath  Size:  1  Gallon. 

Specimen  Size;  2”  Dia.  x  2”  Lg.  Water  Change:  1  Hr.  Intervals 


Fig.  5 


Effect  of  Percentage  Fines  on  the  Apparent  Density  of  a  Two 
Sieve  Distribution  Salt  Aggregate 
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Fig.  6  Effect  of  Particle  Diameter  Distribution  on  the  Apparent  Density 
of  a  Two  Sieve  Distribution  Salt  Aggregate  -  40%  Fines  (Mixture) 


SPECIMEN  LOCATIONS 
(MEAN  DISTANCE  FROM  END  IN  INCHES) 

Fig.  7  Apparent  Density  and  Efficiency  of  Infiltration  of  High  Purity 
Cellular  Aluminum  Castings 
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Fig.  10  Microstructure  of  Cellular  356  Aluminum  Alloy,  /  10  (1.65  mra) 
Cell 


Fig.  11  Heat  Exchange  Apparatus 


.  12  Exit  Air  Temperature  (T2)  and  Bach  Pressure  as  Functions  of  Air 
Flow  Hate 
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Fig.  IS  Heat  Transfer  Bates  of  Air  Flowing  through  Blank  Tubes  and  Tubes 
containing  Cellular  356  Aluminum  Alloy  Inserts 
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CELL  SIZE  (MILLIMETERS) 

Fig.  14  Thermal  Conductivity  0c)  vs.  Cell  Size  (mm,  (Drucker) 
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Fig,  16  Compression  Test  Record  of  Cellular  Aluminum-Magnesium  Alloys 
Cell  Structure:  Std.  Dist. 


Fig.  15A  Compression  Specimens 

Single  Structure 

A.  0%  Compression 

B.  50%  Compression 

C.  62%  Compression 


Duplex  Structure 

D.  0%  Compression 

E .  70%  Compression 


Alloy:  214  Mag:  lx  Test  Rate:  0. 3  in. /min. 


Fig.  16  Sections  of  Cellular  Antimonirl  Lead  Material 

Left:  Cell  Diameter  0.033  inches 
Right:  Ceil  Diameter  0.  093  inches 


Fig.  17  Partially  Extruded  Cellular  Aluminum  Billet 


Fig.  20  Longitudinal,  Diagonal  and  Transverse  Sections  of  Leached  Ai-Salt 
Extrusion.  Extrusion  Ratio:  lOx  (Area).  Mag:  lx 


CRITERIO  DE  SO LD AB I LIDAD  DE  ACERO 


por 

Julio  Fava.  Elfas  Ayarza  y  Alvaro  Covarrubias 


1 .  Introduce  idn 


A1  plantear  el  problema  de  analizar  la  soldabilidad  de  un  acero,  se  tropie 
za  con  la  dificultad  de  poder  me  iir  una  propiedad  tan  compleja  como  6sta.  Si  se 
revisa  la  literatura  existente  sobre  los  ensayos  de  soldabilidad  se  encuentra  una 
proliferacidn  inmensa  de  mdtodos  y  tests,  sin  mucho  orden,  que  poco  dirdn  al  t£c 
nico  interesado  en  el  proolema.  El  hecho  de  que  existan  tantos  tipos  de  ensayos, 
est&  indicando  que  no  hay  ninguno  que  sea  tan  definitivamente  indicativo,  como  pa 
ra  prevalecer  sobre  los  dem&s. 

Medir  la  capacidad  de  un  acero  para  ser  sometido  al  proceso  de  soldadura 
no  es  una  tarea  f&cil,  por  la  complejidad  del  problema,  el  ndmero  de  variables 
que  intervienen  en  61.  Por  esta  razdn  serd  imposible  encontrar  Mun”  ensayo  que 
sea  capaz  de  indicar  61  sdlo  si  un  acero  es  solclable  y  en  qu6  condiciones.  La  de- 
terminacidn  de  la  soldabilidad,  deberd  ser  siempre  objeto  de  varios  ensayos  com 
plementarios  entre  sf5  los  que.  midiendo  distintas  variables,  den  elementos  de 
juicio  al  cientlfico  y  al  tdcnico  para  analizar  el  problema,  con  una  visidn  de  con- 
junto. 


El  problema  de  la  soldabilidad  radica  especiaimente  en  la  capacidad  del 
acero  para  soportar  el  ciclo  t6rmico  de  la  soldadura,  sin  una  pferdida  apreciable 
de  sus  cuaiidades  mec&nicas.  Es  6ste  el  problema,  al  que  <  i  metaldrgico  debe 
prestar  la  mayor  atencidn. 

El  conocimiento  m£s  exacto  posible  de  lo  que  ocurre  en  un  acero  sometido 
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al  proceso  de  soldadura,  tomando  en  cuenta  todas  las  variables  que  intervienen 
en  61,  serd  necesario  no  s61o  para  el  cientffico  que  trate  de  establecer  ensayos 
de  soldabilidad,  sino  para  el  tdcnico  que  use  dichos  ensayos. 

Para  determ inar  los  ensayos  de  soldabilidad  mds  eficaces,  es  convenien- 
te  estudiar  el  proceso  de  soldadura  a  trav6s  de  los  defectos  que  se  presenten  en 
un  acero  soldado,  para  luego  ver  como  medir  por  medio  de  ensayos  el  peligro  que 
signifies  la  presencia  de  un  defecto  cualquiera.  Este  serd  el  m6todo  que  se  segui 
rd  en  el  presente  trabajo. 

No  es  posible  en  tan  poco  espacio  referirse  a  fondo  respecto  a  la  teorfa 
de  la  soldadura,  sin  el  riesgo  de  esquematizar.  Se  pretende  por  eso  llamar  la 
atenci6n  s61o  sobre  los  rasgos  mds  sobresalientes,  a  fin  de  situar  el  problems 
en  sus  verdaderos  t6rminos. 


2.  Los  defectos  de  la  soldadura 


Los  defectos  de  la  soldadura,  que  podemos  atribuir  al  metal  de  base,  los 
podemos  agrupar  en  4  principales:  grietas  bajo  el  cord6n,  fragilidad  de  la  zona 
afectada  por  el  calor,  agrietamiento  del  corddn  en  caliente  y  porosidades. 

El  mecanismo  de  los  dos  primeros  defectos  mencionados,  se  puede  expli 
car  a  trav6s  del  papei  del  hidrdgeno  que  se  introduce  al  acero  por  el  proceso  de 
la  soldadura. 

En  una  soldadura  que  se  realice  en  presencia  de  hidrdgeno  en  la  atmdsfe 
ra  del  arco,  tendremos  en  la  zona  afectada  por  el  calor,  es  decir  aquella  que  so 
brepase  la  temperatura  de  austenitizaci6n,  una  sobresaturaci6n  de  hidrdgeno.  Es 
to  se  debe  a  que  el  hidr6geno  en  la  austenita  saturada  no  aicanza  a  escapar,  que- 
dando  en  la  ferrita  en  2  formas:  Atdmico  en  forma  de  solucidn  intersticial  y  oclui 
do,  precipitado  en  las  micro  cavidades  del  metal. 

Cuando  el  metal  s  ^omete  a  esfuerzos,  sean  6stos  internos  (tensiones  re 
siduales)  o  externos  (cargas  aplicadas),  se  produce  una  distorsi6n  de  la  red  cris 
talina.  Esta  distorsi6n,  caracterizada  por  una  triaxialidad  de  tensiones,  opera  co 
mo  un  factor  de  difusibilidad  del  hidr6geno  atdmico,  tendiendo  6ste  a  concent  rar- 
se  en  la  zona  de  mayor  distorsi6n,  o  sea:  donde  hay  un  mayor  espacio  para  su  con 
centracidn  (*■). 

El  hidrdgeno  presente  en  la  red  cristalina  le  dard  fragilidad  a  6sta,  por  lo 
que  en  la  zona  de  mayor  triaxialidad  serd  donde  se  inicie  una  grieta.  Una  vez  pro- 
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ducidadsta,  en  dicha  zona  se  producird  un  alivio  de  tensiones.  Ea;c£mbio,  en  la 
zona  de  detenciOn,  se  produce  una  zona  de  concentraciOn  local  de  tensiones,  que 
pasa  a  ser  en  ese  momento  la  zona  de  mayor  triaxialidad.  Allf  empieza  de  nuevo 
a  concentrarse  el  hidrOgeno,  repitiendose  el  fenOmeno.  La  discontinuidad  de  este 
fenOmeno  se  ha  observado  experimentalmente. 

El  tiempo  entre  la  apariciOn  de  nuevas  grietas  dependerd  de  la  temperate 
ra,  que  determina  la  velocidad  de  difusiOn  del  hidrOgeno,  y  de  la  concentraciOn 
del  hidrOgeno  presente.  El  comienzo  de  una  grieta,  estd  relacionado  con  uua  tri¬ 
axialidad  minima,  que  a  su  vez  sea  capaz  de  concentrar  la  cantidad  mfiiima  de  M 
drOgeno  necesario  para  fragilizar  la  red,  hasta  el  punto  de  hacerla  romperse. 
Mientras  mayor  sea  el  lfmite  de  fluencia  de  metal,  serd  mis  fdcil  alcanzar  la  tri 
axialidad  de  tension  suficiente  para  iniciar  la  grieta. 

La  rotura  por  propagacidn  de  grietas,  como  se  ha  visto,  es  retardada  res 
pecto  al  momento  de  aplicaciOn  de  la  carga. 

El  hidrOgeno  que  se  encuentra  oclufdo  en  el  metal,  se  concentra  en  las  mi 
crocavidade8  precipitando  allf  el  hidrOgeno  y  dando  origen  a  grandes  presiones 
que  provocardn  rupturas  en  piezas  sometidas  a  esfuerzos  menores  que  su  lfmite 
normal  de  resistencia.  Al  romperse  la  pieza,  en  la  superficie  de  ruptura  se  ven 
dichas  cavidades,  habiOndoseies  llamado  ojos  de  pescado  por  su  aspecto.  Esto 
provoca  fracturas  retardadas,  ya  que  se  necesita  tiempo  para  la  precipitaciOn  del 
hidrOgeno.  En  probetas  sometidas  a  impactos  no  se  han  encontrado  Mojos  de  pes- 
cado". 


Veamos  ahora  el  fenOmeno  de  producciOn  de  grietas  bajo  el  cordOn,  a  la 
luz  del  efecto  del  hidrOgeno: 


a)  Grietas  baio  el  cordOn, 

La  zona  afectada  por  el  calor  queda  con  tensiones  residuales,  pro 
ducto  de  dos  factores:  las  tensiones  provenientes  de  la  contracciOn  del  en 
friaroiento  y  las  tensiones  provenientes  de  la  transfer maciOn  de  austenita 
a  martens  ita. 

Adn  en  aceros  dulces,  se  producird  martensita  debido  a  la  rapidez 
del  ciclo  tOrmico  que  no  alcanza  a  homogeneizar  la  austenita,  producto  de 
la  perlita,  por  lo  que  se  producen  nticleos  de  martensita.  El  enfriamiento 
rdpido  hard  que  la  transfermaciOn  de  austenita  a  martensita,  se  produzca  hasta 
a  temperaturas  bajas(3). 

El  cambio  de  volumen  que  se  produce  en  la  transfermaciOn  dard 
origen  a  tensiones  internas,  las  que  serdn  mdximas  en  la  zona  lfmite  en- 
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tre  el  metal  que  se  fundid  y  el  que  nd,  ya  que  ahf  hay  diferente  composi- 
cidn  qufmica,  por  lo  tanto  diferentes  cambios  de  volumen.  Esto  hard  pre 
cisamente  que  las  grietas  sean  bajo  el  corddn(4). 

La  templabilidad  del  acero,  o  su  facilidad  para  producir  estructu- 
ras  poco  ddctiies  en  la  zona  afectada  por  el  calor,  serd.  el  segundo  factor 
que  promueva  las  grietas,  al  impedir  la  atenuacidn  por  fluencia  de  las  ten 
siones  residuales.  Las  segregaciones  serdn  tambidn  promotoras  de  la  pre 
sencia  de  estructuras  frdgiies. 

El  tercer  factor  es  el  hidrdgeno,  que  actda  segdn  su  mecanismo  ha 
bitual.  Las  grietas  bajo  el  corddn  son  retardadas  al  momento  de  la  solda- 
dura,  y  se  producen  a  bajas  temperaturas. 


b)  Roturas  frdgiles. 

El  segundo  de  los  defectos  de  la  soldadura,  en  los  cuales  el  hidrd¬ 
geno  tiene  un  papel  primordial,  es  el  de  las  roturas  frdgiles  que  se  produ 
cen  en  la  zona  afectada  por  el  calor. 

Las  tensiones  que  aparecen  en  ef*e  caso  se  deben  a  las  tensiones 
residuales  del  enfriamiento,  o  a  los  efectos  de  triaxialidad  provocados  por 
cargas  externas  en  la  zona  en  que  se  localicen  concentraciones  dc  fatigas. 
El  factor  de  tensiones  internas,  con  el  efecto  del  hidrdgeno,  provocardn 
grietas  y  por  consiguiente  ruptura  en  piezas  cargadas  dependiendo  de  la 
ductilidad  de  la  zona.  La  ductilidad  para  este  caso  se  mide  a  travds  de  la 
temperatura  de  transicidn.  A  temperaturas  mayores  que  la  de  transicidn 
la  ductilidad  del  metal  serd.  suficiente  para  atenuar  las  tensiones,  por  lo 
que  no  se  alcanzard  la  tensidn  unitaria  crftica  de  inicisjidn  de  grietas. 

El  ciclo  tdrmico  de  la  soldadura  generalmente  baja  la  temperatura 
de  transicidn  en  la  zona  afectada  por  el  calor.  En  piezas  que  trabajen  bajo 
la  temperatura  de  tensidn,  se  pueden  producir  roturas  frdgiles  subitas,  de 
bido  a  la  falta  de  ductilidad.  Estas  fallas  se  localizan  en  la  zona  afectada 
por  el  calor,  pero  que  no  llegd  a  fundir  pues  ahf  se  encuentran  las  estruc¬ 
turas  mis  deshomogeneizadas,  por  la  rapidez  del  ciclo  tdrmico^5). 

El  otro  efecto  de  roturas  frdgiles  o  roturas  sin  el  alargamiento  co 
rrespondiente  se  produce  por  el  fendmeno  de  los  "ojos  de  pescado",  que 
no  sdio  disminuyen  la  seccidn  soportante  de  la  pieza,  sino  tambidn  promue 
ve  concentraciones  locales  de  tensidn  en  sus  bordes. 
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c)  Agrietamiento  en  caliente, 

A1  enfriarse  el  cord6n  soldado,  debe  resistir  las  tensiones  que  se 
ejercen  sobre  61,  product©  de  la  contraccidn  del  metal  que  se  enfrfa  y  de 
la  rapidez  de  transformacidn  de  la  estructura  en  la  cual  se  encuentra  el 
cord6n  soldado. 

Si  el  metal  que  fundi6  no  tiene  a  alta  temperatura  suficiente  ductiH 
dad,  se  producirln  grietas.  La  ductilidad  a  alta  temperatura  dependerd. 
fundamentalmente  de  la  composicidn  qufmica  del  metal  que  se  fundid,  que 
ser£  una  mezcla  del  metal  base  y  el  metal  de  aporte.  Si  en  el  metal  que  es 
td  solidificando  se  producen  compuestos  que  tengan  un  punto  de  fusidn  me- 
nor  que  el  del  metal  cuando  aparezcan  las  primeras  tensiones  del  enfria- 
miento,  adn  habrd  fase  Ifquida  que  serd  incapaz  de  soportar  tension,  pro 
ducidndose  grietas(6). 

Hay  dos  elementos  promotores  de  este  fendmeno:  El  carbono,  que 
aumenta  el  rango  de  solidificaci6n,  prmcipalmente  en  la  zona  de  existencia 
de  Fe  delta,  haciendo  que  baje  la  lfnea  de  solidus. 

La  segunda  fase  Ifquida  residual  y  la  mis  importante,  es  la  del  FeS. 
El  sdlfuro  tiene  un  punto  de  fusi6n  menor  que  el  de  Fe  gama.  Como  lfquido 
se  junta  en  los  bordes  de  los  granos  reduciendo  su  cohesidn.  El  Mn  neutra 
liza  al  S,  formando  s61o  una  inclusion  inofensiva.  Parece  que  el  contenido 
crftico  de  S  para  que  no  se  produzcan  grietas  por  efecto  del  FeS  es  0, 035%. 
Con  una  raz6n  Mn/S  mayor  que  14, 5  con  contenidos  totales  de  azufre  pero 
cor.  segregaciones  de  61,  se  producirln  agrietamientos. 

El  efecto  de  los  otros  elementos  de  aleaci6n  en  la  promociOn  de  a- 
grietamiento  en  caliente  es  incierto(7). 


d)  Porosidades. 

Se  producen  por  la  formaci6n  de  gases  en  el  interior  del  metal  lf¬ 
quido  y  que  debido  a  la  rapidez  del  enfriamiento  no  alcanzan  a  salir. 

El  principal  gas  que  se  produce  en  el  seno  del  metal  es  el  H2S. 
Producido  por  la  desulfuraciOn  del  lfquido  por  el  hidrOgeno  de  la  atmOsfe 
ra  del  arco.  En  aceros  con  contenido  de  S  mayor  que  0. 05%  o  en  aceros 
con  segregaci6n  de  azufre,  habrl  porosidades. 

El  oxljgeno  presente  en  la  atmdsfera  del  arco,  formari  CO  que 
tambi6n  tratari  de  escapar  en  fo^ma  de  burbujas. 
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Esta  revisidn  muy  sumaria  de  los  defectos  posibles  en  una  soldadu 
ra  nos  indica  que  no  sdlo  basta  con  producir  uniones  soldadas  sanas,  sino 
que  es  necesario  preocuparse  de  las  caracterfsticas  meclnicas  con  las  que 
ha  quedado  la  pieza.  Una  soldadura  fr&gil  puede  ser  nriorfoltigicamente  Sa¬ 
na,  pero  representa  en  la  pieza  un  punto  debil  que  la  harl  incapaz  de  ren- 
dir  el  servicio  para  el  cual  estaba  proyectada. 


3.  Los  ensayos  de  soldabilidad. 


Los  diversos  ensayos  de  soldabilidad  nos  permiten  medir  la  reacci6n  del 
acero  frente  a  las  variables  que  inciden  en  el  proceso.  La  unificacidn  de  los  valo 
res  y  datos  obtenidos  sdlo  podrl  hacerse  por  el  criterio  del  t§cnico  que  tengaen 
mente  la  totalidad  del  proceso  y  sepa  ponderar  el  valor  de  cada  uno  de  los  datos 
que  dispone,  asimismo  segdn  el  tipo  de  acero  de  que  se  trate,  serdn  los  ensayos 
a  que  sea  necesario  someterlo. 


a)  Los  ensayos  de  recepcidn 

En  elios  inclufmos  aqufellos  que  nos  permiten  conocer  las  caracte¬ 
rfsticas  ffsicas  y  qufmicas  del  acero  que  pretendemos  soldar. 

El  primero  es  el  anilisis  qufmico.  Este  nos  indica  s61o  la  cantidad 
de  elementos  presentes,  pero  no  la  forma  como  se  encuentran  repartidos. 
Tampoco  nos  indica  el  contenido  de  gases  que  puede  haber  en  el  acero. 

La  homog  meidad  entendida  a  trav6s  del  contenido  de  inclusiones, 
la  podemos  determinar  a  trav£s  del  m6todo  ASTM  E  45  -  62  T,  que  clasi- 
fica  a  los  aceros  en  una  escala  arbitraria  segdn  el  contenido  de  oxidos.  sal 
furos,  silicatos  y  aMminas. 

La  homogeneidad  que  mds  interesa  conocer,  es  respecto  a  la  repar 
tici6n  del  Azufre  y  el  Fdsforo,  que  serdn  promotores  de  grietas  en  calien- 
te  y  estructuras  frSgiles.  El  estado  de  segregacidn  de  estos  elementos  pue 
de  determinarse  por  los  m6todos  del  "Sulfur  Printing"  y  del  "Phosphorous 
Printing". 

La  historia  tdrmica  y  mec&nica  del  acero  serd  util  conocerla  ya 
que  6sta  puede  darnos  una  pauta  del  grado  de  desoxidacidn,  del  grado  de 
tensiones  de  laminacidn,  de  las  segregaciones  y  de  la  estructura  metalo- 
grdfica. 


XI -7 


Interesa  predecir  el  comportamiento  que  tendrd  nuestro  acero  fren 
te  al  hidrdgeno  que  se  introduced  durante  la  soldadura.  Para  determinar 
esta  sensibilidad  al  hidrdgeno  hay  un  mdtodo  que  consiste  en  comparar  el 
acero  en  cuestidn  con  otro  acero  patrdn  y  su  comportamiento  frente  a  las 
fracturas  retardadas.  Se  comparan  las  curvas  de  carga  aplicadas  contra 
tiempo  transcurrido  hasta  la  ruptura  en  probetas  de  traccidn  entalladas. 

Se  trazan  las  curvas  de  los  aceros  en  estado  de  recepcidn  y  saturados  con 
hidrdgeno.  Las  probetas  se  saturan  con  hidrdgeno  ealentdndolas  a  9503  c 
en  atmdsfera  de  este  gas  o  cargdndolas  electrolfticamente  como  cdtodos 
en  una  solucidn  dcida. 

La  comparacidn  de  estas  curvas  indicard  si  el  rango  de  fatigas  en 
tre  las  cuales  se  producen  fracturas  retardadas  es  grande  comparado  con 
el  de  un  acero  normal.  Si  las  fracturas  se  producen  en  un  tiempo  corto, 
el  f  cero  serd  muy  sensible  al  hidrdgeno. 

Las  curvas  del  acero  al  estado  de  recepcidn  dan  una  pauta  del  con 
tenido  de  hidrdgeno  que  hay  en  61,  proveniente  del  proceso  de  fabricacidn. 

Este  mdtodo  de  determinar  la  sensibilidad  al  hidrdgeno  es  exclusi- 
vamente  comparative  y  no  cuantitativo(8). 

El  Ultimo  ensayo  de  recepcidn  que  puede  hacer3e  es  el  ensayo  de 
templabilidad  o  "Jominy  test’L  Este  ensayo  indicard  la  susceptibilidad  del 
acero  a  templarse,  informacidn  que  puede  ser  util  en  la  prevencidn  de 
grietas  bajo  el  corddn  y  roturas  frdgiles. 


b)  Los  ensayos  de  grietas  bajo  el  corddn. 

Entre  los  muchos  mdtodos  que  se  han  propuesto  para  evaluar  el  pe 
ligro  de  grietas  bajo  el  corddn,  hay  dos  que  parecen  ser  los  mds  indicati¬ 
ves:  el  mdtodo  C.  T.  S.  y  el  del  carbono  equivalente. 

El  mdtodo  C.T.  S.  (Controlled  Thermal  Severity)  (-0)  consiste  en 
depositar  oordone  ^  de  soldadura  con  un  procedimiento  igual  al  que  se  em- 
pleard  en  la  soldadura  real  entre  2  planchas  con  un  ndmero  de  severidad 
tdrmica  equivalente. 

Se  entiende  aquf  por  ndmero  de  severidad  tdrmica  al  ndmero  de  ca 
minos  para  el  flujo  de  calor  de  un  espesor  de  1/4"  que  Uegan  al  corddn. 
Asf  2  planchas  de  1”  soldadas  a  tope,  tendrdn  el  ndmero  de  severidad  tdr 
mica  igual  a  8.  El  ndmero  de  severidad  tdrmica  estd.  aproximadamente  co 
rreiacionado  en  forma  directa  con  la  velocidad  de  enfriamiento.  Las  plan 
chas  se  apernan  a  fin  de  darle  rigidez  al  conjunto,  ademds  se  sueldan  la- 
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teralmente,  con  el  mismo  fin. 

Los  cordones  de  prueba  se  seccionan  para  observar  si  hay  grietas. 
La  presencia  de  grietas  va  a  estar  determinada  por  todos  los  factores  que 
influirdn  en  la  prdctica,  incluso  el  papel  del  hidrdgeno. 

Se  ha  comprobado  que  el  ensayo  C.  T.  S.  presenta  una  buona  correla 
ci6n  con  el  comportamiento  de  uniones  reales  con  el  mismo  ndmero  de  se- 
veridad  tdrmica. 

.  -  Es  por  esta  razdn,  que  el  test  C.  T.S.  ha  extendido  su  uso  amplia- 
mente. 


El  segundo  mStodo  de  predecir  1a  presencia  de  grietas  bajo  el  cor- 
ddn  lo  dd  el  cdlculo  del  carbono  equivalente. 


El  carbono  equivalente,  que  tiene  una  regularmente  buena  correla 
ci6n  en  la  posibilidad  de  presencia  de  grietas  bajo  el  cordbn  es: 


C.E. 


%Mn  %Ni  %Cr  %Mo  %V  %Cv_ 
6  +  20  +  10  “  50  '  10  +  40 


A  partir  de  los  valores  del  carbono  3quivalente  se  han  determinado 
una  serie  de  recomendaciones  respecto  a  c6mo  soldar  con  distintos  espeso 
res. 


La  ventaja  del  mdtodo  C.  T.  S.  sobre  el  del  carbono  equivalente,  es 
que  el  primero  toma  en  consideracidn  todos  los  factores  de  la  soldadura, 
mientras  que  el  segundo  s61o  mide  la  facilidad  de  aparicton  de  eslzncluras 
de  temple,  aunque  el  mfitodo  del  carbono  equivalente  otorga  una  primera  in 
formacidn  que  puede  ser  dtil. 


c)  Los  ensayos  de  rotura  fragil. 

Para  conocer  el  modo  como  el  cicio  tdrmico  de  la  soldadura  ha 
afectado  la  estructura  metalog rlfica  del  acero  se  ha  propuesto  un  mdtodo 
que  consiste  en  calcular  anaifticamente  el  cicio  tdrmico  experimentado  por 
un  punto  determinado  del  metal,  y  reproducirlo  experimentalmente  en  una 
probeta  de  dimens  tones  de  ensayo.  Esta  probeta  puede  ser  sometida  a  ensa 
yos  mecdnicos,  de  tal  modo  de  determinar  los  ciclos  tdrmicos  crfticos  que 
dardn  estructuras  peligrosamente  frdgiles  en  la  zona  afeetada  por  el  calor; 
de  acuerdo  a  standards  de  fragilidad  que  se  establezcan(11). 

Actualmente  se  encuentra  en  experimentacidn  en  nuestra  Universidad 
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el  aparato  para  producir  ciclcs  tgrmicos  de  soidaduras  sobre  probetas  de 
ensayo.  El  ensayo  de  templabilidad  tambign  nos  da  una  pauta  del  peiigro 
de  fragilizacidn  del  acero  debido  al  ciclo  tgrmico. 

Hay  dos  ensayos  directos  que  nos  dan  una  pauta  sobre  soldabilidad 
en  servicio  del  acero:  son  el  ensayo  "Kinzel"  y  el  ensayo  "Cabelka". 

El  primer*,  consiste  en  depositar  un  corddn  en  las  condiciones  rea 
les  de  soldadura,  sobre  una  plancha  del  espesor  de  la  que  queremos  sol- 
dar.  A  la  plancha  soldada  se  le  hace  un  entalle  para  provocar  una  concen 
tracidn  de  tensiones  sobre  la  zona  afectada  por  el  calor.  La  probeta  se  so 
mete  a  la  prueba  de  doblado,  pudigndose  determinar  una  temperatura  de 
transicidn  de  ductibilidad  al  entalle  con  la  contraccidn  lateral  en  el  ancho, 
que  experimenu.  la  probeta  1/32”  bajo  el  entalle,  hasta  el  momento  de  la 
rupturaj(12). 

El  ensayo  Cabelka  consiste  en  determinar  la  tenacidad  de  los  dis- 
tintos  puntos  de  la  zona  afectada  por  el  calor,  tomando  probetas  Charpy 
con  ejes  a  distintas  distancias  del  eje  de  la  soldadura.  Luego  se  traza  la 
curva  tenacidad  versus  distancia  al  eje. 

La  comparacign  de  estos  valores,  con  valores  de  la  tenacidad  de 
probetas  en  el  metal  base  sin  afectarse,  diri  que  un  acero  es  soldable  si 
los  valores  encontrados  no  difieren  mds  de  un  50%  de  los  valores  del  me¬ 
tal  base. 

Si  bien  la  prueba  del  impacto  no  se  estd  aplicando  sobre  una  zona 
de  estructura  perfectamente  homoggnea  en  cada  probeta,  los  resultados 
obtenidos  han  sido  satisfactorios,  habigndose  adoptado  este  ensayo  en  Che 
coeslovaquia  para  todas  las  obras  soldadas  de  importancia(^3). 

Con  los  ensayos  de  rotura  fragil  mencionados  se  ha  medido  la  due 
tilidad  al  entalle,  la  templabilidad,  el  efecto  del  hidrggeno  y  la  fragilidad 
de  la  zona  afectada  por  el  calor.  Desgraciadamente  los  resultados  de  es¬ 
tos  ensayos  no  son  estrictamente  cuantifieables,  por  lo  que  llegamos  a  te 
ner  que  decir  una  vez  m&s  que  debe  primar  el  criterio  para  ponderar  los 
resultados  obtenidos  en  los  experimentos. 


e)  Los  ensayos  de  fisuracidn  en  caliente. 

Como  el  fengmeno  del  agrietamiento  en  caliente  se  debe  principal- 
mente  a  la  composicign  qufmica  del  acero,  es  posible,  y  asf  se  ha  hecho,  es 
tablecer  condiciones  de  soldabilidad  en  funcign  de  los  contenidos  de  elemen 
tos  de  aleacign.  Debe  prestarse  tambign  atencign  a  las  segregaciones  de 
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azufre(14'.  En  cuanto  a  ensayos  directos,  no  hay  ninguno  que  pueda  sena- 
larse  como  definitivamente  indicatorio  de  la  susceptibilidad  del  agrieta- 
miento  en  caliente. 

La  presencia  de  porosidades  en  el  accro  sera  posible  predeciria  a 
trav6s  de  la  composicidn  qufmica  y  del  procedimiento  de  soldeo,  no  sien- 
do  necesario  ensayos  directos. 

El  conjunto  de  ensayos  mencionados,  se  han  destacado  por  dar  una 
informacidn  relativamente  completa,  y  por  ser  de  facil  aplicacidn  para  La 
boratorios  de  asesorfa  de  industrias. 

En  la  determinacidn  de  ensayos  de  3oldabilidad  adn  falta  mucho  que 
investigar  y  conocer,  ya  que  es  notorio  que  los  elementos  de  que  se  dispo¬ 
ne  en  la  actualidad  son  fragmentarios  y  no  del  todo  al  dfa  con  los  modernos 
requerimientos  de  hi  tdcnica. 


A  N  E  X  O 


EXPERIENCES  DE  LA  SOLDABILIDAD  DEL  ACERQ  C.A.P.  A°212  GRADO  B 


1 .  Antecedentes 


El  presente  estudio  es  una  apiicacidn  de  los  criterios  de  soldabilidad  esta 
blecidos  anteriormente  a  un  caso  real  y  de  aplicacidn  pr&ctica. 

Su  f inalidad  es  doble:  por  un  lado  ilustrar  de  una  manera  gr£fica  los  crite 
rios  de  soldabilidad  recomendados  y  por  otro  lado,  establecer  las  caracterfsticas 
de  soldabilidaa  del  acero  elegido. 

La  eleccidn  del  acero  por  estudiar  se  hizo  tomando  en  consideracidn  Ja  ere 
ciente  importancia  que  estd  adquiriendo  el  uso  de  61  en  nuestro  medio  a  la  vez  de 
el  hecho  de  ser  6ste  un  acero  de  soldabilidad  diffcil. 

El  acero  A-212  grado  B  es  fabricado  en  Chile  por  la  Compaflfa  de  Acero 
del  Pacffico.  Su  uso  est£  encaminado  a  la  construcciOn  de  recipientes  de  presi6n, 
habi6ndose  ya  emplc^do  en  la  construcci6n  de  estanques  para  gas  licuado  u  oxfge 
no. 


La  construccidn  de  estos  estanques  se  hace  de  acuerdo  a  las  normas  A.  S. 
M.E.  1959.  Su  control  de  calidad,  en  la  laminae  i<3n  del  acero  y  en  las  maestran- 
zas  corre  por  cuenta  del  "Lloyd  Register  of  Shipping".  Este  control  se  lleva  a  ca 
be  por  la  verificacifin  de  las  propiedades  meclnicas  mfnimas  est&blecidas  para  es 
te  acero  y  por  la  inspeccidn  visual  y  radiogr&fica  de  las  soldaduras.  Adem6s,  se 
somete  al  metal  de  aporte  de  la  soldadura  a  la  prueba  de  doblado  prescripta  por  la 
A.W.S. 


La  soldadura  de  los  estanques  se  hace1  por  el  m6todo  de  soldadura  automjl 
tica  bajo  fundente.  El  precalentamiento  se  da  con  sopiete  oxi-aceti!6nico,  contro 
ldndose  la  temperatura  por  medio  de  l&pices  indicadores,  cuyo  rastro  funde  a  la 
temperatura  precisa. 

El  presente  estudio,  se  referirl  a  la  piancha  de  1"  de  espesor,  que  es  em- 
pleada  en  la  fabricacidn  de  estanques  para  gas  licuado. 
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Para  estudiar  el  problema  del  comportamiento  del  acero  frente  al  eiclo 
tdrmico  de  la  soldadura,  se  ha  debido  aislar  como  variable  a!  procedimiento  de 
soldeo  y  los  efectos  que  6ste  tenga  en  el  comportamiento  del  metal  soldado.  A 
fin  de  lograr  esto,  se  hicieron  las  probetas  de  ensayo  con  el  mGtodo  de  soldadura 
bajo  Argdn  sin  aporte  de  metal.  La  atmdsfera  del  arco,  en  este  casq  de  por  sf  no 
puede  producir  ningdn  problema  de  oxidacidn  o  hidrogenacidn.  Ademds,  al  no 
aportar  metal  eliminamos  cualquier  problema  derivado  de  la  diferencia  de  compo 
sicidn  qufmica  entre  el  metal  de  base  y  de  aporte.  En  consecuencia,  podemos  de- 
cir  que  sdlo  daremos  al  metal  un  ciclo  tdrmico  similar  al  de  la  soldadura. 

El  arco  se  establecid  en  un  electrodo  de  Tungsteno  colocado  concentrico 
en  la  boquilla  del  Argdn.  El  voltaje  y  la  corriente  se  controlaron  con  los  indica- 
dores  correspondientes. 

Se  compararon  dos  mdtodos  distintos  para  soldar  Uno  de  alta  potencia  en 
el  arco  (mdtodo  A),  con  tres  pases  iguales;  y  otro  de  menor  potencia  en  el  arco 
(mdtodo  B),  variando  las  condieiones  en  cada  pase.  Esto  tiene  por  objeto  ver  la 
variacidn  del  comportamiento  del  acero  al  variar  la  i>oteneia  en  el  arco. 


Mfetodo  A. 


3  pases  con  192.000  Joules/pulgada  cada  uno 
voltaje  32  volts 
corriente  100  Amp. 

velocidad  de  avance  2,25  pulgad  /min. 


M6todo  B. 


ler  pase 

85. 000  Joules  /  in 
32  Volts 
100  Amp. 

2, 25  pulg/min 


2do  pase 

i.25.000  JojIss/  in 
32  Volts 
100  Amp. 

1,5  pulg./min 


3er  pase 

102. 000  Joules  /  in 
32  Volts 
100  Amp. 

1,9  pulg./min 
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2.  Composicidn  Qufmica 


El  andiisis  de  la  composicidn  qufmica  del  aeero  en  estudio  arrojd  los  si- 
guientes  resultados: 


C  -  0, 31  % 

Mn  =  0,  90  % 

Si  =  0, 27  % 

S  =  0,  021  % 

P  =  0,  030  % 

El  carbono  equivalente  resulta  igual  a  0,46%. 


3.  Homogeneidad. 


Se  estudid  la  homogeneidad  de  este  aeero  a  travds  de  su  contenido  de  in- 
clusiones  y  de  la  distribucidn  del  azufre  y  el  fdsforo. 


a)  Contenido  de  inclusiones 

Se  hizo  de  acuerdo  con  la  norma  A.S.  T.  M.  E.  45-62  T.  El  mdtodo 
consiste  en  observar  a  100  didmetros  con  grdficos  patrones.  Estos  grlfi- 
cos  indican  el  contenido  de  dxidos,  silicatos  y  aldminas  en  una  escala 
standard  de  1  a  5,  creciente  con  el  contenido  de  cada  una  de  estos  inclusio 
nes. 


Las  inclusiones  anotadas  fueron  dxidos  clasificados  como  de  Ns  1. 

Por  esto  podemos  decir  que  este  aeero  no  presenta  inclusiones  oe 
importancia  como  para  afectar  su  soldabilidad. 


b)  Distribucidn  del  azufre 


La  distribucidn  del  azufre  fue  determinada  por  el  mdtodo  del  "Sulphur 
Printing",  que  consiste  en  atacar  una  muestra  pulida  de  modo  que  los  nd- 
cleos  de  MnS  impregnen  un  papel  fotogrdfico  puesto  a  presidn  sobre  ella. 

La  comparacidn  de  esta  fotograffa  con  otras  similares  de  la  litera 
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tura  mostrd  que  el  azufre  se  encuentra  bien  distribuido. 


e)  Distribucidn  del  fdsforo. 


Se  determine  a  travds  del  mdtodo  del  "Phosphorous  Printing"  que 
consists  en  teflir  las  inclusiones  de  fdsforo  con  reactivos  sobre  una  mues 
tra  pulida. 

La  observacidn  de  la  muestra  demostrd  que  tampoco  existen  segre 
gaciones  de  fdsforo. 


4.  Estudio  de  la  sensibilidad  a  la  fragilizacidn  con  hidrdgeno. 


Se  compar6  el  comportamiento  del  acero  A-212  con  el  A-56,  f rente  a  las 
fracturas  retardadas,  en  una  prueba  de  traccidn  con  probetas  entalladas  cargadas 
electrolfticamente  con  hidrdgeno. 

El  andlisis  qufmico  del  acero  A-56  did  el  ciguiente  resultado: 

C  =  0, 51  % 

Mn=  0,48  % 

Si  =  0, 050  % 

S  =  0, 039  % 

P  =  0, 015  % 

La  prueba  de  traccidn  se  hizo  con  probetas  normales  de  1  cm  de  didmetro, 
10  cm  de  largo,  con  un  entalle  de  60?  de  abertura  y  con  un  radio  en  la  garganta  de 
0, 001";  de  modo  de  dejar  una  seccidn  soportante  de  0,5  cm  de  didmetro.  La  pe~ 
netracidn  del  entalle  se  hizo  con  el  medidor  de  avance  del  torno.  El  radio  de  la  pun 
ta  de  la  herramienta  se  did  con  papel  lija  para  pulir  metales,  mididndose  su  cur- 
vatura  en  el  microscopio  a  100  didmetros.  A  fin  de  cuidar  la  curvatura  de  la  he¬ 
rramienta  durante  el  avance,  con  la  punta  calibrada,  se  avanao  sdlo  los  dltirnos 
0,01  cm.  Ademds  la  herramienta  fu6  recaiibrada  cada  5  probetas. 

La  saturacidn  de  las  probetas  con  hidrdgeno  se  logrd  sumergidndolas  co- 
mo  cdtodos  en  un  bafio  eiectrolftico  de  dcido  sulfdrico  al  10%,  con  un  gramo  de 
A82O3  por  cada  3  galones  de  solucidn,  con  una  densidad  corriente  de  0, 3  Amp/pulg2 
con  Inodos  de  Pb  durante  6  hrs. 

El  control  del  tiempo  de  ruptura  se  obtuvo  con  un  reloj  que  era  parado  auto 
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m&ticamenie  por  la  mlquina  de  trace i6n  en  el  momento  de  romperse  la  probeta. 
En  la  tabla  1  podemos  observar  los  resultados  obtenidos. 


Cargajkgs) 

1350 

1350 

1300 

1275 

1250 

1200 

1100 

1470 

1420 

1400 

1350 

1300 

1250 

1200 


TABLA  1. 
A  -  212 


mayor  que 
A  -  56 


mayor  que 


Tiempo  de  ruptura 
0 

0  hora  29  min. 

2  horas  52  min. 
4  horas  23  min. 
7  horas  18  min. 
11  horas  13  min. 
36  horas  35  min. 

0 

1  hora  15  min. 

1  hora  17  min. 

1  hora  58  min. 

2  horas  56  min. 

3  horas  4  min. 
16  horas 


El  acero  A-212  muestra  una  menor  sensibilidad  a  la  fragilizacidn  por  hi- 
drdgeno,  lo  que  pone  en  evidencia  por  el  menor  rango  que  se  observa  entre  la  car 
ga  de  ruptura  y  la  carga  de  duracidn  estdtica.  En  otras  palabras  la  zona  de  esfuer 
zos  en  la  que  se  percibe  la  accidn  del  hidrdgeno  es  menor.  Ademis,  la  zona  es  de 
pendiente  mucho  menor,  lo  que  muestra  que  la  fragilizacidn  que  presenta  el  A-212 
es  mds  lenta  que  la  del  A-56.  Este  fen6meno  podemos  explicarlo  a  travds  de  la  com 
posicidn  del  A-56,  cuyo  alto  contenido  de  C  lo  hace  ser  un  acero  frdgil. 


3.  Ensayo  de  rotura  fragil 


Se  estudid  la  fragilidad  del  acero  resultante  del  ciclo  tdrmico  de  la  solda- 
dura  a  travds  del  ensayo  "Kinzel  o  doblado  de  corddn  longitudinal  con  entalle”.  (Es 
te  ensayo  se  describe  anteriormente  en  la  parte  3.  LOS  ENSAYOS  DE  SOLDABILi- 
DAD,  parte  c,  los  ensayos  de  rotura  fragil). 
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Se  compararon  los  dos  ciclos  tdrmicos  antes  mencionados  a  distintas  tern 
peraturas  de  p.  ecalentamiento  para  observar  la  variacidn  de  la  temperatura  de 
transicidn  de  la  ductibilidad. 

El  criterio  para  medir  la  ductilidad  fue  la  medicidn  del  porcentaje  de  eon 
trace  idn  lateral  que  experimentan  las  probetas  bajo  el  entalle  al  ser  dobladas  has 
ta  la  ruptura.  La  temperatura  de  transicidn  fug  determinada  eomo  aquella  para  la 
cual  la  contraccign  en  el  ancho  de  la  probeta  es  de  1%. 

La  medicidn  de  este  porcentaje  se  hizo  midiendo  el  ancho  de  la  probeta  en 
el  sentido  del  entalle  y  1/32"  debajo  de  gl,  antes  y  despugs  de  la  prueba  de  dobla- 
do.  El  momento  de  la  medicidn  final  fue  cuando  se  produjo  el  cojapso  por  fractura 
sdbita  de  la  probeta.  Esto  ocurrid  en  todas  las  probetas,  excepto  en  aquellas  ca- 
lentadas  a  100  2 ,  que  fueron  las  dnicas  que  mostraron  cargas  de  ruptura  menores 
que  la  carga  maxima. 

En  ellas  se  produjo  esta  carga  antes  de  la  iniciaciOn  de  la  grieta.  Para 
ellas  se  midid  la  contraccidn  a  carga  maxima. 

Las  temperaturas  de  prueba  obtenidas  en  agua  a  la  temperatura  requerida, 
hielo  y  mezcla  de  hielo  y  sal,  segdn  el  caso. 


TEMPERATURA  DE  TRANSICION 


Temp,  de  soldeo 

Con  procedimiento  A 

Con  procedimiento  B 

(Alta  potencia  en  el 

(Menor  potencia,  va- 

arco;  tres  pases  i- 

riando  condiciones  de 

guales) 

cada  pase) 

Oec 

69  C 

352C 

ambiente 

99C 

92C 

1009  c 

09C 

129  C 

El  examen  de  estos  valores  nos  indica,  como  era  de  esperar,  que  el  mdto 
do  A,  al  tener  mayor  potencia,  da  valores  menores  de  la  temperatura  de  transi- 
cidn,  lo  que  muestra  como  superior  al  mdtodo  A,  de  mayor  energfa  en  el  arco, 
f rente  al  mdtodo  B. 

La  conclusion  mis  importante  que  nos  arrojan  los  valores  encontrados  es 
que,  a  temperatura  ambiente  se  estd  o  por  debajo  o  apenas  sobre  la  temperatura 
de  transicidn,  lo  que  indica  que  a  la  temperatura  normal  de  servicio  la  zona  solda 
da  serd  frdgil. 
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El  precalentamlento  a  1009  C  disminuye  sdlo  levemente  la  teraperatura  de 
transicidn  en  el  case  A. 


6.  Ensayos  de  grietas  bajo  el  cordOn 


El  valor  del  carbono  equivalente  nos  debe  poner  alerta  sobre  el  peligro  de 
la  presencia  de  grietas  bajo  el  cordOn.  Las  condiciones  recomendadas  para  sol- 
dar  un  acero  con  este  valor  del  carbono  equivalente  consiste  en  precalentar  entre 
100  y  2002  C,  y  soldar  con  el  electrodo  de  bajo  hidrdgeno,  condiciones  que  se  pu- 
do  observar  se  cumplen  en  1a  prlctica  de  maestranza.  Ademls,  bs  informes  del 
Lloyd  sobre  la  inspeccidn  de  la  construccidn  de  estanque  para  gas  licuado,  revisa 
dos  durante  el  presente  estudio,  no  detectaron  grietas  de  este  tipo. 

Para  comparar  ambos  procedimientos  de  soldadura,  se  sometid  el  acero 
al  ensayo  C.T.S. ,  con  los  siguientes  resultados: 


Temp,  de  soldeo 

-  ambiente 

-  ambiente 

-  1009  C 

-  09C 

-  1009 c 

-  09C 


Procedimiento 

manual  E  6010,  tipo  A 

manual  E  6016  tipo  A 
Argonarc  tipo  A 
Argonarc  tipo  A 

Argonarc  tipo  B 
Argonarc  tipo  B 


Observaciones 

grietas  en  y  bajo  el 
corddn 
sin  grietas 
sin  grietas 
grietas  en  y  bajo  el 
corddn 

grieta  en  el  corddn 
grieta  en  y  bajo  el 
corddn 


Las  probetas  fueron  macrografiadas  y  observadas  visualmente. 

Las  secciones  observadas  tenfan  un  ndraero  de  severidad  tdrmica  igual  a 
8,  equivalente  a  la  de  una  unidn  de  tope  de  dos  planchas  de  1”  de  espesor. 

Este  ensayo  nos  demuestra  los  efectos  beneficiosos  que  tiene  el  precalen- 
ta.miento  para  evitar  las  grietas  en  el  corddn,  aunque  al  precalentar  sdlo  a  1009 
no  parece  que  nos  libere  totalmente  del  peligro.  Las  grietas  en  el  corddn  mismo 
de  las  probetas  soldadas  sin  aporte  de  metal  se  deben  a  que  este  acero  fundido  o 
recidn  solidificado,  no  es  capaz  de  resistir  la  contraccidn  debida  al  enfriamiento. 


VT  -1  Q 
A»  —X  A 


7.  La  fisuracidn  en  caliente 


La  composicidn  qufmica  de  este  acero  nos  indica  quo  61  es  altamente  sus¬ 
ceptible  a  la  fisuracidn  en  caliente  debido  a  su  alto  contenklo  de  carbono.  El  azu- 
fre  no  tiene  ninguna  influencia  debido  a  su  bajo  contenido  (0,  021  %),  a  que  se  en- 
cuentra  bien  distribufdo,  y  a  que  se  encuentra  neutralizado  por  el  manganeso,  lo 
que  se  deduce  del  valor  de  la  raz6n  Mn/£  =  43,  valor  que  es  muy  alto. 

El  agrietamiento  en  caliente  de  este  acero  es  el  factor  limitante  mdximo  de 
su  soldabilidad. 


8.  Porosidades 


La  composicidn  qufmica  de  este  acero  no  indica  que  exista  el  peligro  de  po 
rosidades  en  el  seno  del  metal  que  fundi6.  Su  bajo  contenido  de  azufre  asf  lo  dice. 
Ademds,  la  presencia  de  dxidos,  eatalogada  como  N'2  2  en  un  mdximo  admisible  de 
tres,  nos  indica  que  tampocc  aquf  existe  un  peligro  de  porosidades. 


9.  Conclusiones 


Los  ensayos  a  que  ha  sido  sometido  este  acero  nos  permiten  formarnos  una 
idea  del  comportamiento  de  61  frente  al  proceso  de  la  soldadura,  y  establecer  re- 
comendaciones  para  su  corrects  operacidn. 

Se  ha  visto  que  los  mayores  problemas  que  61  presents  son  el  peligro  de 
fragilidad  de  la  zona  soldada  y  la  fisuraci6n  en  caliente. 

Otra  conclusion  importante  es  la  notoria  superioridad  del  m6todo  A,  de  ma 
yor  energfa  en  el  arco  frente  al  B. 

El  precalentamiento  aparece  necesario  para  evitar  las  grietas  en  el  cord6n 
y  para  evitar  la  elevaciOn  en  la  temperatura  de  transicidn  de  la  ductilidad,  aunque 
esto  dltimo  sea  logrado  s61o  parcialmente  con  un  precalentamiento  de  lOC^C. 

Como  recomendaciones  para  soldar  este  acero  de  una  manera  adecuada  y 
segura,  mejorando  las  condiciones  finales,  citarfamos  las  siguientes: 
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1.  Se  debe  soldar  con  una  alta  energfa  por  pulgada  de  corddn  en  el  ar 
co,  por  lo  menos  mayor  que  la  empleada  en  el  mdtodo  B.  Esto  ayu 
dard  a  disminuir  las  velocidades  de  enfriamiento. 

2.  El  precalentamiento  deberd  ser  superior  a  los  1002C,  ya  que  esta 
temperatura  contribuye  poco  a  evitar  la  fragilidad  de  la  zona  solda 
da. 

3.  Respecto  al  peligro  de  aparicidn  de  grietas  bajo  el  corddn,  podemos 
decir  que  con  el  adecuado  precalentamiento  y  con  la  alta  energfa  en 
el  corddn  recomendadas  no  debieran  producirse. 

4.  En  cuanto  al  peligro  de  grietas  en  caliente,  se  deberdn  tratar  de 
reducir  al  mlximo  las  velocidades  de  enfriamiento.  Ademds,  al 
soldar  se  deberd  dejar  en  los  soportes  de  la  pieza  la  mayor  liber 
tad  de  movimiento  posible,  a  fin  de  evitar  los  esfuerzos  excesivos 
sobre  el  corddn  du  ante  el  primer  perfodo  en  enfriamiento,  en  el 
que  6ste  eareeerd  de  la  ductilidad  necesaria  para  soportarlos. 

5.  Los  ensayos  no  destructives  son  necesarios,  para  detectar  defec- 
tos  de  procedimientos  de  soldeo,  ya  que  las  soldaduras  en  este  ace 
ro  son  siempre  de  obras  en  que  la  seguridad  es  el  factor  primor¬ 
dial,  es  el  caso  de  los  recipientes  de  presidn. 


De  lo  que  puede  desprenderse  el  presente  estudio,  asf  como  de  la  obse  *va 
ci6n  de  la  soldadura  de  este  acero  en  nuestro  medio  industrial  puede  desprender¬ 
se  que  se  trata  de  un  caso  de  diffcil  soldabilidad. 

En  estas  oondiciones  es  indudable  que  en  aplicaoiones  en  las  cuales  el  pe¬ 
so  del  recipiente  no  sea  un  factor  limitante  escrito,  se  deberfan  usar  aceros  de 
menor  resistencia  que  si  bien  darfan  espesores  mayores,  evitarfan  Los  problemas 
derivados  de  una  dificil  soldabilidad.  Esto  vale  especialmente  para  aceros  de  me¬ 
nor  contenido  de  carbono  que  el  A-212. 

Como  ejemplo  ilustrativo,  se  puede  indicar  que  las  Normas  A.S.  M.  E.Sec. 
VIII-1959,  prescriben  para  un  estanque  de  gas  licuado  de  30. 000  gall,  de  volumen 
hecho  con  A-212,  un  espesor  de  21,6  mm,  mientras  que  uno  fabricado  con  acero 
de  menor  contenido  de  carbono,  tipo  acero  dulce,  deberfa  tener  38,0  mm.,  el  ma 
yor  peso  de  este  dltimo  se  ve  compensado  por  su  facil  soldabilidad. 


XI- 2u 


REFERENCIA3 


1.  Troiano,  A.R.  ’’The  role  of  hydrogen  and  other  intersticial  in  the 

Mechanical  behaviour  of  Metals”.  ’’Transactions”  A.  S.  M. 
I960 

2.  Izaguirre  ”Los  Ensayos  mecdnicos  y  la  Soldabilidad”,  Rev.Cienciay 

T6cnica  de  la  Soldadura",  Marzo  -  Abril  1961,  p.2 

3.  Calvo  ’’Estudio  sobre  la  Metalurgia  de  la  Soldadura  IBID  Enero  -  Febre 

ro  1962”,  p.  6 

4.  Luther  G.G.  "The  Welding  Journal”,  1946,  pp.376  -  S  a  396  -  S 

5.  Stout  R.D.  ’’Weldability  of  Steels",  p.  102 

6.  Huxley  A.D.  "Hot  Cracking  of  Weld  Metal"  Rev.  "British  Welding 

Journal"  Voi  -  8,  Nov  -  1961. 

7.  Jones  IBID  vol  6  -  1959,  pp.  282  -  290 

8.  Mallet  M.  W.  "Underbead  Cracking  of  Welds  Catholically  Charged  With 

Hydrogen" 

9.  Cotrell  IBID  1953,  p.  257  -  S 

10.  Winterton  C.I.  "Cracking  tests  by  chemical  composition"  -  IBID  1961 

p.  233  -  S 

11 .  Nippes  IBID  1949  p.  534  -  S  IBID  1949  p.  556  -  S  IBID  1960  p.  31  -  S 

12.  Kinzei  IBID  1948  p.  217  -  S  IBID  1948  p.  234  -  S 


^sr 


13.  Izaguirre  op.  cit.  p.  7 

14.  Jones  op.  cit.  1959,  p.282. 


70J-1 


PROBLEMS  AND  DEVELOPMENTS  IN 
PRIMARY  PROCESSING  OF  REFRACTORY  METALS 


by  Thomas  D.  Cooper  and  Vincent  DePierre 


I  n  troduction 


The  extensive  effort  underway  in  the  United  States  to  develop  the  refractory 
metals  as  engineering  materials  has  necessarily  included  a  broad  program  in  the 
field  of  process  metallurgy.  It  is  the  purpose  of  this  discussion  to  cover  certain  of 
the  problems  associated  with  primary  processing  of  these  high  melting  point  metals 
and  to  present  a  cross-section  of  the  research  and  development  activities  being 
carried  out  in  the  Air  Force  Materials  laboratory  to  investigate  the  more  import¬ 
ant  aspects  of  these  problems. 

As  a  necessary  background  for  discussion  of  this  subject,  it  is  appropriate 
to  consider  briefly  the  properties  of  the  refractory  metals  and  the  particular  uses, 
both  actual  and  anticipated,  which  have  stimulated  the  large  investment  by  various 
United  States  Government  agencies  and  industries  in  their  development  during  the 
past  decade.  These  metal3  Columbium  (Cb),  Molybdenum  (Mo),  Tantalum  (Ta),  and 
Tungsten  (W)  and  their  alloys  represent  the  last  outpost  in  the  concerted  effort  to 
provide  metallic  materials  with  higher  temperature  capabilities.  A  wide  variety  of 
review  and  summary  publications  reporting  their  development  are  available  (Refs . 
1-17). 


The  refractory  metals  are  transition  elements  and  appear  in  Groups  Va 
(Cb  and  Ta)  and  Via  (Mo.  and  W)  of  the  periodic  table.  In  addition  to  the  fact  that 
they  are  all  body-centered  cubic  metals,  a  brief  statement  of  their  well-known 
characteristics  includes:  high  melting  points;  the  potential  for  metallic  ductility 
and  iabricability;  high  thermal  conductivity  and  lew  coefficients  of  thermal  e*par>^«jt.. 
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on  behJ\iOT;  and  v  abasirophie  omUjjv  a  bt l>-  .'u  -  i  U|t>:- 
main  pole ntial  application^.  a  sunonarv  v*  ‘*Mr  c  >-*. 
Table  I. 

TABLE  1 

Physical  Proper 

ties  of  the  Refra*  ue. 

■y  Metai*- 

vi -•  lima 

L>  '•  u).t  V 

Hens  tty 
lh/cu  in 

Modulus 
psi x  J  06 

Therm 

C  ooductivitv 

B  ru/hr  /ft2/  '  1/  ti 

<  oof.* .  M 

The  r  m  a  J  K  xpaos  v 
Mu-ro-m/in/  t 

b  4474 

0.310 

15 

30.A 

4.1 

Mu  4730 

0.  360 

47 

84.5 

2.  7 

fa  3425 

0.600 

27 

31.5 

3.6 

W  0170 

^.607 

50 

96.6 

2.6 

A  critical  assessment  of  the  current  technological  feasibility  ot  using  re* 
f factory  metals  in  various  aerospace  applications  was  recently  presented  <R-.t.  17) 
and  is  summarized  in  Table  2.  The  evaluation  considers  the  three  m  tjor  areas  oi 
application  (propulsion,  structures,  and  auxiliary  power)  and  attempts  to  present 
?  realistic  assessment  based  on.  materials  technology  feasibility  rather  than  the 
desirability  or  potential  for  a  given  type  of  hardware  or  syslem.  It  is  presented 
l»ero  primarily  tc  indicate  the  extensive  range  of  uses  for  these  metals.  Not  un- 
luded  in  the  tabif,  but  perhaps  more  important  from  the  viewpoint  of  this  c .  -d-  - 

•  uce,  is  the  potential  use  of  these  specialty  metals  in  nuclear  reactor  appiic-n  <*. .? 
car  the  generation  of  power  in  remote  areas  or  where  other  more  conventional 
means  of  pow<  j  general  ion  are  not  practical.  As  ig  apparent  from  ■  ••■•is  table,  the 

•  arrent  use  o!  refractory  metals  m  actual  hardware  servic  e  at  the  presect  bone 
>?  limited,  but  the  potential  uses,  as  indicated  by  t.bc  Hn  Development”  and 
’Speculative’’  categories,  ~-re  indeed  very  extensive. 

The  problem?  encountered  in  processing  ace  the  direct  result  of  some  of 
f*oth  the  desirable  and  undesirable  traits  characteristic  of  the  refractory  metals. 
Their  good  high  temperature  strength,  the  very  basis  ot  their  attractiveness,  rc- 
M'j’res  the  use  of  primary  processing  temperatures  greatly  in  excess  of  thq»prv 
m'ousIv  used  for  other  metals.  However,  their  well-known  lack  of  oxidation  res.:*; 

at  elevated  temperatures  and  the  embrittling  effect  of  the  wierrtitidl  con;..m 
mauls  (particularly  n  and  nitrogen)  combine  with  ibeir  elevated  tv.np«,ratn,*«. 

-Length  to  further  complicate  the  problems  already  introduced  try  the  necessity  to 
im -doping  acb -quale  tooling  materials  3.nd  handling  techniques. 
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TABLE  2 

Status  of  Technological  Feasibility  of  Refractory  Metal  Use  (Rei.17) 
!  I  In  Development  F Speculative 


.  ’  ^'ion 


i'RGPU  LSIOV 


Solid  Rocket 


in 

S*  m  f  e 


in  Development 
Flight  f 


Can’t 


tvT*r  P  'omiskon 


•'i  Douhtlul 
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TABLE  2  (cont.) 

S'9rj?  oi  Technological  F eas lbility  ot  Refractory  Me»al  Use  (Ref.  17) 


A;  y.v  at.ion 

in 

Service 

In  Deve 

.opment 

Specula  rue  i 

Flight 

Test 

Prototype 

HP 

C  an’l 

Predict 

Doubtful 

S' RfrJt'RES 
V  siting 
Re-entry 

\  .  _  .  . . 

Sub¬ 
orbital 
One  Ust 

Orbita  1 

One  Use 

Some 
73000° F 

Super- 

orbital 

Mu  It  j  - 

use 

Hypersonic: 

Vehicle 

Multi-Use 

Compo¬ 

nents 

AUXILIARY 
i  POWER 
!  Nuclear 
j  Turbo- 

'  generator 

| 

.. 

Tubing 

Turbines 

Heat  Ex¬ 
changers, 
Reactor 
Compo¬ 
nents 

:  Magnetohyd 

dynamic 

:o- 

Electrodes 

Reactor 

Compo¬ 

nents 

Thermionic 

Emitters, 

Collectors 

Compo¬ 

nents 

Reactor 
,  Compo¬ 
nents 

t 

i 

i 

i 

S^lnr 

Turbo¬ 

generator 

h  J 

Tub  Pig 
Turbines 

( 

! 

i 

/ 

| 

Thermionic 

Emitters, 

Collectors 

i 

i 

Experience  has  amply  demosir?ted  the  desirability  of  vacuum  melting, 

*  irH»  r  are  or  electron  beam,  for  consolidating  refractory  alloy  ingots  for  further 
eru<  essing,  bm.b  from  the  standpoint  of  purification  to  reduce  the  impurity  level 
-■t  the  starting  powder,  as  well  as  to  achieve  chemical  homogeneity.  The  icsuiu  i 
■"•got  structure,  .as  illustrated  in  Figure  1  for  a  ma^bdemra  alloy,  is  typical  cl 
:hit  produced  by  malting  techniques,  ta  the  c'ase  of  the  Croup  V  metals  (r't>  and  a-* 
<nd  their  alloys,  further  processing  to  sheet  oar,  forte  d  shapes,  etc.  ol  such 
trer  teres  can  be  accomplished  b>  cirt.ct  forging,  {  rovid.iig  adequate  j.'rceaut.c^ 
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)tt  to',;  vAxd  hv  working  at  sultn.iently  high  temperatures  ami  prot.mti  against 
‘  vi  t  s.-.v*-*  contamination.  In  the  case  of  molybdenum  and  tungsten  plrou:-  VI 
! V->  *:,d  their  alloys,  however,  experience  has  shown  that  it  is  not  possible 
rile  ^uch,  as-cast  structures.  Consequently,  it  has  been  necessary  to  turn  to 
•'.'■•sion  as  the  primary  working  process  to  convert  the  as-cast  structure  to  a 
'  rough!  structure  suitable  for  further  processing.  Therefore,  the  bulk  of  the 
iv.. rt  which  has  been  done  in  the  Air  Force  Materials  Laboratory  and  which  will 
be  discussed  m  this  paper  has  been  on  molybdenum  and  tungsten  and  their  alloys, 
for  that  is  where  the  need  for  improved  quality  ingots  and  extrusion  techniques 
«.  yists0 


A  second  problem  concerning  ingots  which  has  recently  been  encountered 
in  certain  higher  strength  alloys,  and  t»bieh  will  probably  become  more  severe  as 
higher  strengths  are  sought*  is  that  of  ingot  cracking  during  solidification  from 
the  melt.  An  example  of  this  problem  is  shown  in  Figure  2,  and  will  be  discussed 
in  more  detail  later. 

This  ■.  rt  background  has  been  intended  to  define  the  basic  desirable  pro 
pc:  lies  inherent  in  the  refractory  metals,  the  applications  that  are  dependent  upon 
such  materials  for  their  becoming  a  technical  reality,  and  an  indication  of  the 
nature  of  the  primary  processing  problems  being  encountered.  The  Experimental 
Metals  Processing  Lab  was  established  at  the  Air  Force  Materials  Laboratory  in 
1 9f>9  with  two  major  objectives  in  relation  to  those  previously  discussed  problems: 

[<i)  to  investigate  techniques  and  theories  of  consolidation  and  metal  deformation, 
and  (b)  to  provide  a  competent  pilot  plant  primary  processing  facility  to  aid  in 
Department  of  Defense  refractory  metal  alloy  development  programs.  The  remainder 
of  this  presentation  will  then  be  devoted  to  highlighting  several  of  the  more  im- 
no  riant  accomplishments  achieved  in  this  facility  in  the  melting  and  primary 
extrusion  of  refractory  metals  for  the  purpose  of  indicating  the  progress  that  has 
been  made  in  primary  processing  and  also  to  stimulate  thought  as  to  the  general 
application  of  the  results  to  the  metallurgical  processing  of  other  materials. 


Meiting 


Most  work  on  melting  of  retrartory  metals  to  dare  has  been  directed  toward 
the  purification  aspects,  with  a  relatively  much  smallorefiort  aimed  at  improving 
the  grain  size  and  general  quality  of  the  ingot  to  make  it  more  suitable  for  sub¬ 
sequent  processing.  This  is  reflected  in  recent  review  articles  by  Wong  (Refs.]? 
and  19).  Consequently,  most  of  the  effort  in  the  AFML  has  been  directed  toward 
the  latte  r  subject  in  an  attempt  to  produce  sound  ingots  i.ith  minimum  grain  size 
■jo J  -1  »re  uniform  microstructure  to  increase  the  quality  and  yield  of  suhseq  icr.t.v 
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*:rc(  ef  ~:cri  material. 


1  acilities 


The  vacuum  arc  melting  facilities  and  activities  at  the  AFML  were  recently 
f  escribed  by  Inouye  (Ref.,  20).  Ad  overall  view  of  the  furnace  and  its  pumping  system 
.shown  in  Figure  3.  The  furnace  body  is  an  upright  cylindrical  shell  water  jacket¬ 
ed  c»  the  ^ides  and  equipped  with  a  stainless  ctecl  radiation  shield  under  the  top 
onoinch  thick  plate.  The  power  supply  for  the  furnace  (not  shown  in  the  photograph) 
consists  of  four  DC  rectifiers,  two  of  which  can  be  continuously  varied  .from  300  to 
1150  amperes  each  and  two  of  which  are  introduced  at  their  full  amperage  of  2500 
amperes  each  for  a  total  current  output  of  7o00  amperes.  Open  circuit  voltage  is 
about  80  volts,  with  roost  melting  operations  performed  in  the  25-30  volt  range. 

The  vacuum  pumping  system,  designed  for  maximum  efficiency  by  minimizing, 
constrictions  in  the  furnace  body  and  all  vacuum  lines,  consists  of  a  positive  dis- 
r»laccroents  lobe-type  rotary  pump  backed  by  a  cam  and  piston  type  roughing  pump, 
with  pumping  speeds  in  excess  of  1000  cfm  in  the  range  0. 010  to  0. 500  mm  Hg. 

High  vacuum  is  obtained  by  a  20-inch  diameter  oil  diffusion  pump,  which  is  utilized 
to  maintain  pressures  in  the  range  of  lO"**  Torr  during  melting.  The  electrode 
power  feed  mechanism  is  operated  either  minujP.y  or  ^utom. .-tic ally  by  a  voltage 
sensing  drive  mechanism.  The  control  panel  i*  isolated  from  the  furnace  by  an  8- 
inch  Hack  concrete  block  wall  and  a  double  safety  glass  window.  The  operator  has 
direct  control  of  aii  furnace  functions,  including  tape  recorders  which  are  used  to 
DfovrJe  an  accurate  record  of  ail  events  during  melting  according  to  true  time. 


The  water  ceded  copper  mold  and  its  jacket  arc  designed  to  permit  the 
melting  of  refractory  alloys,  including  those  of  tungsten,  in  ingots  loom  2  to  4 
>ncl:cs  in  diameter  and  up  to  J  5  inches  in  length.  The  mold  is  a  non-re  tractable 
;yp o,  with  melting  initiating  on  a  pad  in  the  bottom  ami  proceeding  to  the  top  as  the 
electrode  is  consumed.  Maximum  cooling  efficiency  to  prevent  burn-through  has 
!  oen  achieved  by  reducing  the  annular  sparing  for  water  flow  between  the  mold 
vail  and  the  jacket  to  1/C  inch.  Water  at  the  rate  of  80  gallons  per  minute  can  he 
cur  ped  through  the  j..cket.  Ihe  jacket  also  has  a  stirring  coil  attached  to  allow 
'magnetic  stirring  of  the  molten  metal  .n  the  mold  during  melting.  Magnetic  stirring 
is  very  helpful  in  stabilizing  the  arc  and  in  improving  the  sidewall  condition  oi  tee 
ingot.  In  studies  to  date,  its  effectiveness  m  reining  gram  size  has  been  only 
r  ;ncr,  however.  "_rv,c  attach’*  cat  cf  an  ultra.,  on i.<;  »rar»sduc. er  to  the  mold  lor  pur¬ 
poses  cl  grain  -ci  j  <.  cat,  as  has  been  accomplished  in  other  metals  (Rcf.21),  has 
.  lr>o  been  alt  c' •••etc  d  cn  *  limited  basis.  These  studies  indicate  that  grain  i  cf  me¬ 


in  ent  can  be  .  .pra- 
directed  at  ife  -..Pc 


y  >'■  .*_  method  providing  Hat  He  power  input  is  uniicr-rdy 
pent.  \  v<:  <hcv  ..ucJ.es  v*  ic  \ci  -tlcroftcd  air.ce  o„\;c 
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equipment  modification  would  have  been  required  to  keep  the  transducer  aligned 
witr.  die  aolteu  pool,  application  of  this  technique  appears  to  be  more  ideally 
r  -.  ...  !  ;•> ..  furnace  with  a  retractable  mold. 

The  more  important  factors  that  control  the  quality  of  the  ingot  are  listed 
.u  Table  3.  The  three  major  operating  considerations  that  are  influential  in  af- 
c  •  1  h.crc  factors  ~re:  (a)  the  temperature  gradient  in  the  ingot,  which  defines 
t;  c  fauiii  p.itlcrn,  the  thermal  otress  pattern  (which  is  largely  responsible  for 
i  ra  cking),  the  uniformity  of  the  ^rain  strut  lure,  and  the  chemical  homogeneity 
:ji  U  c  ingot:  (h)  the  amount  of  superheat  io  the  mgot,  winch  controls  freezing  rate 
m.d  grain  size;  and  (c)  electrode  composition,  uniformity,  and  density,  winch 
influence  the  melt  rate,  the  degree  of  perosity  in  the  ingot,  the  chemical  homo¬ 
geneity,  and,  indirectly,  the  grain  size. 

Because  of  the  limited  time  available  for  this  discussion,  only  two  aspects 
of  the  many  ramifications  outlined  for  obtaining  high  quality  mgot3  will  be  dis¬ 
cussed.  These  are  effects  of  certain  variables  on  grain  size  and  the  problem  of  iDgct 
cracking. 


t.abjt:  3 


Factors  Controlling  Ingot  Quality 


-  Soundness 

crack  free 
minimum  porosity 
sidewall  condition 

-  Macrostructure 

grain  size 
grain  shape 

-  Homogeneity 

chemical 

structural 

-  Compositional  Control 

alloying  elements 
impurities 
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C, ;  ?  in  size 


The  effect  of  melt  tale  and  minor  additions  of  certain  alloying  elements 
'  i  •  ■  -mn  observed  icladve  to  their  influence  on  as-cast  grain  size.  In  the  case 
>e  effect  of  melt  rate,  studies  were  run  on  a  base  composition  of  W  -  0.6  Cb, 
>h:k,:  behaves  very  similarly  to  unalloyed  tungsten  in  regard  to  melting  character¬ 
's  U...  *nd  ingot  inicrostructurc.  The  results,  which  are  presented  in  F igur o  i, 

'> ;  »\  what  as  melt  rate  is  increased  from  1.21  lb. /min.  to  1.71  lb /Inin. ,  the  rc- 
-  ding  average  grain  diameter  is  reduced  by  almost  one-half.  However,  a  furthei 
t  / rease  in  the  melt  rate  from  1.71  fo  2.67  lb. /min.  has  a  much  less  significant 
-cjuitrvc  cflect .  Therefore,  it  is  advantageous  from  a  grain  refinement  standpoint 
•o  use  higher  melt  rates.  There  seemo  to  be,  however,  an  optimum  melt  rate 
above  which  further  refinement  is  minor  in  relation  to  the  increased  burn-through 
iirks  involved  m  using  die  higher  current  density.  The  optimum  melt  rate  is  a 
junction  of  a  number  of  inter-related  variables  requiring  a  very  complex  analysis. 

•a  study  of  these  factors  is  currently  underway  attempting  to  develop  a  mathematical 
model  for  ’.bos'  conditions  using  a  program  written  for  an  IBM  7090  computer  (Ref. 
22). 


Also  shown  on  this  figure  is  a  curve  illustrating  the  effect  of  the  oxygen 
content  of  the  electrode  for  this  alloy  on  the  resulting  grain  size.  Using  a  constant 
power  input,  the  variation  of  both  gram  size  and  melt  rate  for  different  oxygen 
levels  ca..i  bo  seen.  Although  the  oxygen  content  of  the  electrodes  varied  from  c>0 
to  010  ppm,  the  fir-d  oxygen  analyses  of  the  ingots  only  ranged  from  12  to  1 1  ppm. 
li'.c  oyvgtn  idditivnc  up  to  562  ppm  had  a  pronounced  influence  on  melting  efficiency, 
reducing  the  melt  r,;e  from  2.50  to  0.07  lb./inin.  with  negligible  change  in  grain 
diameter.  With  further  decrease  m  melt  rate,  as  caused  by  increasing  the  oxygen 
content  to  010  rpm,  x  pronounced  increase  m  gram  diameter  was  observed.  The 
similar  ity  of  i.-.CfcC  curves  in  combination  with  the  extremely  low  retained  Co.  ■gen 
content  m  the  >.ogcis  strongly  suggests  that,  in  the  case  of  the  oxygen  content  of  the 
surfing  electrode  fci  this  alley,  the  most  significant  factor  in  resulting  grain  size 
i-  'be  otter t  that  oxygen  has  on  the  melt  rate. 

A  third  curie  on  this  chart  compares  the  as-cast  gram  size  obtained  in  a 
u jural  moybdemim  alloy  with  the  previously  discussed  alloy.  This  composition, 

Mo  IZ<  < Mo-1. 25Ti  -0. IZr-O.  L5C),  wjtb  strong  carbide  former  additions,  has  au 
...oherently  fine  gram  size  in  comparison  to  unalloyed  tungsten,  presumably  due  to 
the  nucleating  olfcci  cl  Um  alloying  addition.  H  is  apparent  that  melt  rate  has  re¬ 
latively  bale  et’ect  on  meat  grain  s.uc  ;.a  an  alloy  such  as  this. 
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The  development  of  higher  strength  alloys  in  recent  years  has  introduced 
problem  of  ingot  cracking  during  arc  melting.  \n  excellent  example  of  this 
l  a.-  occurred  recently  during  programs  to  scale-up  the  previously  mentioned  Mo¬ 
ld-  alloy  (Ret.  23).  ('racking  in  ingots  2\  inches  in  diameter  and  larger  has 
••■r*  -.iiy  hindered  progress  in  furthering  the  development  of  this  alloy,  which 
M  pears  to  be  the  next  logical  step  beyond  t*~e  currently  commercially  available 
M j-T/M  alloy  (Mo-0. 5Ti-0. ddZr-0. 020). 

The  rauses  of  cracking  in  compositions  sueii  as  this  in  spite  of  their  line 
gr3ius  size  are  probably  related  to  the  reduced  resistance  to  cracking 
resulting  from  the  increased  amounts  of  carbide  phases  present  in  the  material. 
The.  cracks  are  found  primarily  in  the  upper  end  of  the  ingot,  and  are  thought  io 
originate  early  in  the  final  process  of  ingot  cool-down.  A  photomicrograph  of 
typical  cracks  such  as  were  presented  earlier  in  Figure  2  is  shown  in  Figure  5. 

can  be  sect,  the  cracks  are  primarily  transgranular  although  areas  of  inter¬ 
granular  fracture  are  rioted. 

Efforts  in  the  AFM1.  to  overcome  this  problem  have  followed  several 
approaches  (Ref  ,24).  The  first  has  been  the  use  of  a  hot-topping  operation  im¬ 
mediately  subsequent  to  .melting,  wherein  the  current  through  the  electrode  is 
reduced  so  that  heating  of  the  top  of  the  ingot  will  continue  without  further  melting 
of  the  electrode  occurring.  Time  periods  as  long  as  fifteen  minutes  have  been 
effective  in  reducing  the  extent  of  the  cracks,  presumably  by  reducing  tbe  sever¬ 
ity  of  the  residual  stress  pattern  in  tbe  top  of  the  ingot.  Complete  elimination  ol 
the.  cracks  by  this  technique  has  not  been  achieved.  Neither  has  the  approac  h  of 
rapidly  removing  the  ingot  from  the  mold  and  inserting  into  a  furnace  for  prolonged 
stress  relieving  at  temperatures  up  to  2000  been  effective  in  preventing  crack¬ 
ing. 


The  technique  that  has  been  most  successful  has  been  the  substitution  of 
unalloyed  molybdenum  as  tbe  last  eight  inches  of  the.  electrode.  As  the  melting  ol 
the  ingot  is  completed,  the  last  metal  to  solidify  at  tbe  top  of  the  ingot  is  unalloyed 
molybdenum.,  which  is  not  subject  to  cracking  of  this  nature.  Figure  6  illustrates 
two  ingots  melted  by  this  technique,  showing  that  cracking  can  be  eliminated  by 
this  method.  Tbe  sacrifice  made  is  in  total  recovery,  since  the  end  of  the  ingot 
must  be  machined  io  remove  the  unalloyed  molybdenum.  Until  this  shortcoming 
can  be  eliminated,  it  appears  to  be  a  small  enough  price  to  pay  to  get  a  sound  in¬ 
got. 
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T*k  primary  goal  of  the  extrusion  experiments  being  carried  out  at  the 
A  t  ML  has  been  to  provide  the  technology  necessary  to  produi  e  wrought  material 
wuh  maximum  soundness  that  can  be  turther  processed  to  final  shape  by  forging, 
rolling,  re-extrusion,  etc.  Although  the  extrusion  process  is  an  extremely  useful 
tool  tu  the  preparation  of  intricate  final  shapes,  such  work  has  rot  been  a  part  of 
our  laboratory  program  and  will  not  be  considered  in  this  discussion.  Extensive 
eilorts  of  this  nature  have  been  supported  on  a  contractual  basis  by  the  AFML  at 
a  number  of  industrial  facilities,  however. 

The  principal  virtue  of  the  extrusion  process  for  the  deformation  of  these 
highly  intractable  metals  is  that  they  are  primarily  under  compressive  loading 
during  this  critical  operation.  The  process  must  be  carried  out  at  elevated  temper 
atures  where  the  material  is  sufficiently  plastic,  that  deformation  can  take  place 
without  exceeding  the  limitations  inherent  in  the  equipment.  Consequently,  the. 
development  of  adequate  die  materials  and  designs,  heating  techniques,  handling 
procedures  and  knowledge  of  rates  of  extrusion  and  lubrication  have  been  an  im¬ 
portant  and  continuing  part  of  our  program.  Descriptions  of  the.  equipment  and 
procedures  as  they  have  evolved  in  the  AFML  have  been  presented  recently  (Refs. 
25  and  26)  and  will  only  be  briefly  reviewed  here. 


Facilities 


Billets  ate  heated  for  extrusion  is  an  induction  furnace  as  shown  in  Fig.  ?. 

The  furnace  consists  of  a  3§  inch  diameter  tube  of  high  purity  alumina  surrounded 
with  induction  coils  of  copper  cooled  by  water.  Power  is  supplied  by  a  4200  cycle, 

?,Q  kw  motor  generator  set  capable  of  heating  billets  to  over  4000 ;  F  in  about  20 
minutes.  The  billet  is  placed  on  a  zirconia  loading  block  positioned  on.  a  penumatir 
ally  operated  stand  below  the  alumina  tube.  After  the  billet  rises  into  the  tube,  it 
is  protected  from  excessive  oxidation  by  argon  gas  which  is  flushed  through  the 
furnace  during  heating.  Billet  temperatures  during  leat-up  are  measured  by  a 
tungsten/tungsten-26  rhenium  thermocouple  passing  through  the  zirconia  block 
and  touching  the  billet  bottom.  Transfer  from  the  furnace  and  into  the  con huner 
of  the  press  is  accomplished  manually  with  tongs  and  requires  approximately  b  to 
7  seconds. 

The  extrusion  press,  a  700  ton  horizontal  modified  lombard  press,  is 
shown  in- Figure  ,h.  It  has  an  oil-water  hydraulic  svste;;.  xjth  a  3000  psi  aecunr.ilc.r:'. 
•is  rr.t.d  wort-  <  opacity  is  600  tons  with  a  speed  of  20  to  C*0c  vxbes  eee  nui'-do. 
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The  r-oi 


r  -oi  -roke  Ls  JO  inches .  ('be  container  is  designed  to  bardie  ..  <t  ciairnt<  i 
B  i:.  ihe  container  liner  3nd  stem  material  are  ii-i2  die  sir.  :  bKockvtiJ  (. 

'  <  r  0)  to  48).  Die  materials  are  also  11-32  die  t>tr <=d.  (Rockwell  C  hardness 
•'«).  One  ci  ihe  most  important  advances  in  die  technology  as  developed  at  the 
the  upplicalion  of  a  ceramic  coating  by  flar  %  spraying  or  plasma  jet 
,  lc  ti  c  uic  r.urhcc.  The  0.020  to  0.060  in.  thick  zirconia  coating  serves 
.  greatly  /.create  die  life  and  dimensional  stability  by  preventing  die  wa^h 
c  hot  i net-1  L;  :crccd  through  it,  and  to  reduce  extrusion  pressures.  The 
■\Z  a  bo  help  *>  to  improve  -uriace  quality  of  the  extrusions. 


Ti:e  procedure  developed  for  tl.o  i.-vliimlon  of  refractory  metals  con  ists 
o>  too  use  of  mil  i\.tcs  \o  reduce  the  contact  time  between  the  bill  i  and  the  tooling, 

'  )  if  a  t  erver  Let)  to  conserve  beat  in  the  billet  and  to  minimize  damage  to  the 
t<  elirg.  A  nose  block  of  mild  steel  heated  to  1400  to  1950Q  F  is  placed  in  the  con¬ 
tainer  in  front  of  the  billet,  iiht  heated  nose  block  serves  the  dual  purpose  of  re¬ 
tarding  heat  flow  from  the  material  nd  eliminating  the  costly  machining  operation 
of  cl... inhering  the  billet.  The  billet  is  coated  prior  to  heating  with  a  glass  slurry, 

\  5  ich  serves  a.,  an  jcsulai  coating  to  further  prevent  heat  loss.  The  glass 
ceding  was  original! intended  to  serve  primarily  as  a  high  temperature  lubricant, 

1  ut  its  function  in. this  capacity  L.  now  open  to  question,  as  will  be  discussed  Later. 

/'  graphite  block, it.  inserted  behind  the  billet,  followed  by  a  tool  steel  bbek.  As  the 
areas  ram  moves-  forward,-  the  wan  stem  pushes  the  tool  steel  block,  the  billot,  and 
('  ite  follow  blqck  .through  the  die.  The  me  cf  the  graphite  follow  block  allows 
entire  refractory  metal  billet  to  be  extruded  through  the  die  and  ..  Iso  eliminates 
i  ■:  tin-e-ccnsuarln.g  job  cf  rutting  the  extrusion  from  the  unextruded  butt  end,  which 
•  id  i  c  ncccsw.ry  v.Ahb-jMi  c  carbon  block. 

An  indication  ci  -the  temperature  and  extrusion  ratio  ranges  that  have  i  con 
•m.  U.e  L.c  bit;/  for  various  refractory  metals  is  given  in  Table  4.  \  photr- 
. .  rrgreph  of  extrusion^  showing  both  the  worked  and  the  non-vc-rked  s  true  tar 
p:  evented  in  Figure  0. 

Instrumentation  or  the  press  includes  a  Minneapolis -Honeys cl  1  Aiodr-i  )  old- 
.  iccrdcr  which  h..s  up  to  twenry-iour  data  channels  available  for  recording  data 
<  a.  r:.: i.  lead,  die  loac,  ram  position,  ram  speed,  extrusion  temperature,  and  the 
jg_.c1  cn  each  of  the  four  tie  rods  of  the  press. 


Die  '  03.6  Mcasu  regents 


One  of  ii  c  factors  which  a  Mr.,  this  facility  he  most  unique  viRx  plant  e 
ir-a  :'cn  cprr-tion  a  .i  c  la.it.ee  Sl!...  tire  empat  iLty  tlat  1:js  recently  hm~;>  dr.  - 


.  --  - 


”j.w— 1 1  __  ^-1 .  *. 
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TABLE  4 

Extrusion  Temperatures  and  Ratios  tor  Refractory  Metals 


/ 

Materials 

Extrusion  Tempei-ature 
Range,  3  F 

Extrusion  R 
Range 

’  ulybdewim 

1600  -  2500 

M  to  10.25:1 

Mo  Low  Binary  Alloys 

2600  -  3200 

4:1  to  8:1 

Mo  Ternary  and  Quaternary  Alloys 

2800  -  3800 

4:a  to  6:1 

vio  *•  W  Alloys 

2800  -  4150 

4:1  to  10.SJVI 

C'b  Alloys 

2300  -  3000 

4:1  to  10:1 

J'a  A  lioy fa 

2700  -  3700 

4:1 

Tungsten 

2600  -  4000 

4:1  to  9.5:1 

W  Alloys 

2400  -  4000 

4:1  to  8:1 

vo  loped  for  measuring  the  individual  forces  required  V  extrude  materia  Is  *  This 
capability  has  been  obtained  by  the  addition  to  the  instrumentation  of  the  press  <  t 
a  load  (‘ell  which  measures  directly  the  load  on  the  die.  The  arrangement  is  shown 
in  Figure  10.  The  load  cell  consists  of  a  cylinder  fabricated  from  H-12  tocl  ste*,  L 
and  instrumented  with  strain, gages,  which  are  calibrated  and  adequately  protect*  - 
from  overheating.  This  load  cell,  in  combination  with  the  pressure  transducer 
attarhed  to  the  hydraulic  system  which  measures  total  force  and  the  tachometer 
device  which  accurately  measures  ram  speed  as  a  function  of  time,  permits  a 
very  complete  analysis  of  the  forces  involved  in  extrusion. 

The  major  forces  involved  are  demonstrated  schematically  in  Figure  11. 
f’rior  to  development  of  the  instrumentation,  the  only  force  which  could  be  meas¬ 
urer!  was  F  j,  the  total  force  exerted  on  the  ram  by  the  hydraulic  system.  Now, 
r  p,  tne  force  on  the  die  can  l  e  measured.  The  difference  between  Fp  and  Frj  then 
;s  Fp,  the  friction  in  the  container,  which  is  one  of  the  most  important  and  pre¬ 
viously  undetermined  variables  in  extrusion.  In  addition,  FD  consists  of  several 
ta^tc-rs  which  will  be  discussed  later. 


A  typical  lorce-tiine  cu rve  generated  by  the  Visiconler  is  shov.;  m  t  £ .  1 . 


i:c  important  parameters  previously  discussed.  As  <  -  •  >  e  >  >  '.he 
\  ■  •  iic  creases  as  exu  us  ion  proceeds,  while  Tp,  which  is  pi  i .  r  iy  .  ft:  „V 

•  >  v.  -t  .  mation  force,  remains  constant.  The  difference  between  r  o:c  *%•  o 

••  ^presents  the  friction  force  between  the  billet  and  the  ccrtinr'. r  Int :sA 
~t  t.s  to  decrease  as  extrusion  proceeds,  since  the  contact  area  between  u 
v  t  and  the  liner  diminishes. 


The  development  of  this  technique  for  measuring  die  loads  has  now  .  n.Je 
»  liable  a  very  powerful  tool  for  in.vcst.igal  -ng  the  variables  jn\ oived  ua  e  d  fusion, 
*  acII  as  the  opportunity  to  study  the  defoliation  of  metal  during  extrusion,  s  or 
.  «,  first  time,  we  are  in  a  position  to  dc  ic.rmine  such  things  as  the  usefulness  of 
.^c.ricants,  obtain  quantitative  numbers  describing  the  coefficient  of  friction  in  the 
retainer,  establish  optimum  die  design  for  given  materials  ami  under  various 
(  conditions  of  speed  and  reduction  ratio,  and  predict  the  proper  extrusion  condition... 
loi  an  alloy  from  appropriate  mechanical  property  data.  We  have  not  yet  hid  the 
opportunity  to  pursue  all  the  ramifications  of  this  development  and  it  is  expected 
that  other  uses  will  become  apparent  as  work  progresses.  To  indicate  what  has 
been  investigated  to  date,  a  determination  of  coefficients  of  friction  for  lubricated 
and  unlubricated  billets  and  a  brief  review  of  a  mathematical  analysis  of  the  ca- 
trusion  process  will  be  presented. 


l  nbrication  Study 


One  of  the  most  important  sources  of  power  loss  during  extrusion  is  the 
force  required  to  overcome  friction  between  the  billet  surface  and  the  container 
%vall.  In  the  lcuver  end  of  the  extrusion  temperature  range  (1800-5-2400  -F)  for 
refractory  metals,  lubricants  such  as  graphites  and  some  glasses  are  used.  For 
rho  higher  temperature  range,  different  glasses  have  been  employed  as  lubricants 
:o  reduce  the  friction  losses,  their  selection  being  made  primarily  on  the  basis  of 
their  viscosity  at  the  extrusion  temperature.  In  our  w'ork,  glasses  having  viscos¬ 
ities  in  the  range  of  100  to  500  poises  at  temperature  have  been  considered  :e  be 
the  most  usc.al.  Spraying  and  brushing  techniques  for  applying  these  glasses  to 
the  billet  surface  have  been  developed  (Ref.  25). 

However,  in  selecting  and  evaluating  the  effectiveness  of  these  glasses  as 
lubricants  in  the  past,  quantitative  measurements  of  the  coefficient  of  friction  of 
the  various  glasses  have  not  been  possible.  Conclusions  drawn  from  the  tobd  ion.*, 
measurements  available  have  been,  at  best,  open  to  question  because  of  the  effects 
of  other  extrusion  and  material  va  ables  on  the  total  force  required  to  extrude. 
Some  workers  in  the  field  have  ev  .  doubted  the  usefulness  of  glass  as  compared 
to  the  naturally  forming  surface  oxide  films  for  the  higher  temperature  r.^-ge. 
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The  availability  of  the  die  force  measurements  has  now  pet  nun  d  more 
quantitative  calculations  of  friction  coefficients.  Using  the  equation 

*'T  =  Fd  e  (4^L/°)  (Ref.  27) 

vf  ere  F-p  -  total  force  exerted  on  the  billet 

Fp)  deformation  force  exerted  on  billet  (from  the  die  load) 

D  -  diameter  of  the  upset  billet 

~  coefficient  of  friction  between  billet  and  container  liner 
L  :  length  of  upset  billet 

friction  coefficients  have  been  calculated  for  extrusions  made  of  W-2%  Thd,  at 
\  arious  temperatures  above  3000°  F,  both  lubricated  with  the  glass  compositions 
considered  most  suitable  at  that  temperature  and  extruded  bare.  Since  A.  is  in¬ 
fluenced  by  departure  of  the  billet  from  ideal  plastic  behavior,  billet  temperature 
and  the  composition  of  the  layer  between  the  billet  and  the  container  liner,  the 
values  ofy*  calculated  should  probably  be  considered  as  ’'effective"  coefficients 
ci  friction,  rather  than  absolute. 

The  results  are  shown  in  Figure  13.  The  glass  compositions  investigated 
are  as  follows:  7740  Borosiiicate  (81Si02,  4Na20,  0.5K20,  13B203,  2A1203);  782  0 
Silica  (96Si02,  2.9B203,  0.4A1203);  and  7900  Silica  (96+Si02).  As  can  be  seen 
from  the  data  points,  the  calculated  friction  coefficients  for  the  "unlubricated" 
billet  tend  to  be  lower  than  those  for  the  billets  coated  with  glass.  These  numbers 
strongly  suggest  that  the  tungsten  oxide  on  the  surface  at  these  working  temper¬ 
atures  is  indeed  a  more  effective  lubricant  than  the  particular  glass  compositions 
investigated.  Other  factors  in  this  evaluation  must  yet  be  considered  in  more 
detail,  however,  including  the  fact  that  the  glass  coating  also  serves  as  an  insul= 
ator  so  that  the  extrusions  made  without  glass  coatings  probably  were  extruded  at 
temperatures  somewhat  lower  than  the  nominal  temperatures  indicated  due  to  ihmr 
greater  rate  of  heat  loss.  Studies  are  now  in  progress  to  further  examine  the  role 
oi  lubrication  in  the  extrusion  process. 


Mathematical  Analysis  of  Extrusion 


The  availability  of  die  pressure  data  has  ma  depossible  more  detailed  aoo.!  .-,.  - 
of  the  extrusion  process.  The  deformation  force  measured,  F  is  associated  uj.h 
'■  e  strength  of  the  material  under  high  strain  rate  at  the  temperature  of  extrus1.  n 
md  with  three  process  parameters,  the  reduction  ratio  (^y),  coefficient  of  friction 
<  c  the  die  contact  surface  CA^),  and  the  die  angle  (fc).  Detailed  studies  of  the 
t1  uionship  between  these  variables  are  now  being  m.ide  by  Pierce  (Ref.  28).  If  the. 
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strergv-.  of  the  material  under  the  appropriate  conditions  and  the  contribution  of 
i hree  process  parameters  are  known,  then  it  is  possible  to  predict  the  deform- 
•  V‘  \  urce  required  to  extrude  the  material.  The  goal  of  these  studies,  therefore, 

J.as  been  to  relate  Fj-j  to  these  four  variables.  This  has  required  the  analysis  of  an 
extremely  large  amount  of  experimental  data  since  there  are  four  variables  involved. 

Previous  attempts  to  define  relationships  of  this  nature  have  assumed  that 
homogeneous  deformation  occurs  during  extrusion.  Deformation  under  these  con¬ 
ditions  is,  however,  far  from  homogeneous.  This  assumption  has  not  been  used  in 
Pierce's  evaluation.  The  use  of  the  upper  bound  theorem,  which  does  not  assume 
r  e.iiOgencous  deformation  (Ref.  28)  has  permitted  the  calculation  through  an  IBM 
7090  computer  program  of  the  pressure  required  to  extrude  as  a  function  of  these 
four  variables.  Figure  14  shows  two  sets  of  curves  from  this  study  relating  these 
variables  for  the  boundary  conditions  of  maximum  and  minimum  friction  coefficients . 
The  upper  curves  represent  shear  along  the  die  face,  or  the  maximum  friction  con¬ 
dition  expected.  The  lower  curves  were  calculated  on  the  basis  of  no  friction.  The 
calculations  show  that  in  the  case  of  low  friction  forces,  dies  with  30s  half  angles 
require  the  lov.est  extrusion  pressure  at  low  reduction  ratios.  As  greater  reduction 
ratios  are  demanded  or  if  the  coefficient  of  friction  increases,  the  use  of  higher 
angle  dies  becomes  .  *re  desirable.  Conversely,  these  curves  can  also  be  used  in  the 
case  where  the  yield  strength  of  the  material  and  the  limiting  available  press  pres¬ 
sure  are  known  to  predict  the  maximum  reduction  ratio  that  can  be  achieved  in  a 
single  pass. 

Extrusion  surface  quality,  as  well  as  deformation  loads,  is  another  major 
factor  directly  influenced  by  friction  forces  in  the  processing  operation.  Therefore, 
lubrication  studies  through  the  quantitative  methods  described  in  this  paper  are  also 
in  progress  for  the  purpose  of  minimizing  the  occurrence  of  surface  defects  in  ex¬ 
trusion.  This  entails  determinations  of  frictional  forces  in  the  die  where  the  major¬ 
ity  of  crak  defects  occur.  The  die  pressure  measurements  therefore  also  serve  as 
a  quantitative  indication  of  the  effectiveness  of  lubricants  for  reducing  frictional 
forces  in  the  die. 


Conclusions 


It  has  been  tbe  purpose  of  this  presentation  to  cover  iD  scope,  if  not  in 
depth,  the  natuie  of  the  work  being  carried  out  in  the  Air  Force  Materials  Labor¬ 
atory’s  Experimental  Metals  Processing  Lab.  While  the  work  has  been  conducted 
primarily  on  the  refractory  metals,  it  is  felt  that  much  of  it  is  broadly  applicable 
to  the  process  techniques  of  vacuum  arc  melting  and  primary  extrusion  in  general. 
The  work  has  been  done  on  a  pilot  scale.  Questions  may  exist  as  to  the  validity  ol 
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extrapolating  experimental  results  on  inciting  of  4 -inch  diameter  mgcls  to  these 
ol  i."  ,/u  hes  and  larger  in  diameter  because  of  the  extreme  differences  m  nuss 
and  cooling  rate.  Experience  in  the  extrusion  area  has  been  very  good  in  this 
•tgaid,  however.  When  difficulties  are  encountered  in  an  experimental  technique 
or  in  extruding  an  experimental  alloy  in  the  facility,  scale-up  has  proven  to  bo 
t  \en  more  difficult.  On  the  other  hand,  many  of  the  techniques  and  items  of 
equipment  design  developed  in  the  AFML  have  served  as  the  basis  for  very  suc¬ 
cessful  scale-up  by  the  extrusion  industrv  in  the  United  States.  The  continued 
sc h  anoes  being  made  in  instrumentation  of  U  e  equipment  is  providing  excellent 
opportunities  for  more  detailed  studies  of  processes  and  it  is>  tslt  that  even  more 
significant  developments,  both  in  understanding  metal  consolidation  and  deform¬ 
ation  and  improving  the  processes,  will  be  forthcoming. 
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Fig.  3  AFML  Vacuum  Arc  Melting  Furnace 
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Fig,  4  Effect  of  Melting  and  Compositional 
Variables  on  Arc  -  Cast  Grain  Size 
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Fig.  6  Use  of  Unalloyed  Mo  to  Prevent  Cracking  in  Mo-TZC  Alloy  Ingot 
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Figure  7.  Billet  Heater  With  Molybdenum  Ingot 


Figure  8,  Extrusion  Press 


Fig.  9  Typical  Molybdenum  Extrusion  Showing  Grain  Flow  Pattern 


Fig.  10 


Schematic  7  rawing  of  Container  Showing  Die  Load  Cell 
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Fig.  13  Calculated  Coefficient  of  Friction  in  tto  Container  vs.  Extrusion 
Temperature  for  W-2%Th02 


Fig.  14  Die  Pressure  -  Yield  Strength  Ratio  vs.  Reduction  Ratio  for  Various 
Die  Half  Angles 
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COLD  COMPACTION  OF  ALUMINUM  AND  ALUMINUM  BASE  ALLOYS 


by  J.  R.  Merhar  and  F.  J.  Semel 


Introduction 


The  commercial  applications  of  the  powder  metallurgy  technique  have  long 
been  recognized  as  they  apply  to  the  fabrication  of  structural  parts  of  copper  or 
iron  base  powders.  With  the  increased  interest  in  aluminum  in  recent  years,  it 
was  only  natural  that  the  techniques  of  powder  metallurgy  should  be  applied  to  this 
material  also.  However,  in  contrast  to  other  common  materials,  aluminum  pow¬ 
ders  have  a  tendency  to  seize  to  the  die  wall  during  pressing  and  exhibit  poor  in¬ 
terparticle  bonding  during  sintering  of  the  cold  pressed  compacts  unless  fabricated 
at  high  pressures.  This  lack  of  sintering  is  believed  to  be  due  to  the  inherent  oxide 
film  present  on  the  aluminum  particles  which  is  not  reducible  at  normal  sintering 
temperatures  in  conventional  reducing  atmospheres.  For  sintering  to  occur,  the 
oxide  layer  must  be  broken  or  disrupted  during  compaction  to  permit  metal  to 
metal  bonding.  High  compacting  pressures  easily  break  up  the  oxide;  however,  this 
is  not  practical  in  many  applications  due  to  the  serious  tooling  and  lubrication  prob 
lems.  This  condition  can  be  eliminated  by  the  addition  of  a  lubricant  to  the  powder, 
but  this  in  turn  intei'feres  with  sintering  e  nd  greatly  reduces  the  mechanical  pro¬ 
perties,  especially  ductility.  As  a  result  of  these  complications,  further  effort  to 
fabricate  structural  parts  from  aluminum  by  powder  metallurgy  techniques  was 
abandoned. 

In  recent  years,  interest  in  aluminum  powder  metallurgy  was  revived  with 
the  discovery  by  the  Swiss  that  a  dispersion  of  aluminum  oxide  in  a  matrix  of  pure 
aluminum  gave  properties  greater  than  those  of  pure  aluminum.  In  addition,  these 
materials  retained  their  strength  levels  al  elevated  temperatures.  Sintered  Alumi- 
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num  Powder,  or  S.  A.  P. ,  is  produced  by  hot  pressing  followed  hv  extrusion  to 
rupture  the  oxide  film  and  form  the  dispersion. 

This  knowledge,  together  with  later  developments  in  highly  alloyed  alumi¬ 
num  powders  to  produce  tensile  strengths  in  excess  of  100, 000  psi  after  extrusion, 
increased  the  effort  to  produce  aluminum  parts  by  conventional  techniques. 

The  objective  of  this  program  is  to  develop  techniques  to  improve  the  me¬ 
chanical  properties,  especially  ductility,  of  aluminum  and  aluminum  base  pre¬ 
alloyed  powder  compacts  fabricated  by  conventional  cold  compaction  and  sintering 
operations  which  can  be  made  applicable  to  a  production  process.  Wrought  alumi¬ 
num  properties  by  powder  metallurgy  can  be  obtained  in  the  laboratory  by  special 
processes.  However,  these  techniques  are  not  applicable  to  production  type  equip 
ment. 


MATERIALS 


Three  commercial  1100  aluminum  powders  were  used  as  the  basic  mater¬ 
ials  in  this  investigation.  All  were  produced  by  atomization  by  different  manufac¬ 
turers.  The  powders  were  chosen  essentially  on  the  basis  of  their  different  sieve 
analyses  which  were  specified  as  40%,  85%  and  98%  minus  325  mesh.  Their  analy 
ses  as  determined  in  the  laboratory,  as  well  as  their  other  properties,  are  given 
in  Table  I  (1»2»2)*.  in  addition,  an  experimental  aluminum-10%  iron  powder  and 
an  experimental  type  7075  aluminum  powder  were  used  in  an  initial  investigation 
on  prealloyed  aluminum  base  materials. 


*  See  attached  REFERENCES 
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TABLE  1 

Properties  and  Characteristics  of  Aluminum  Powders 


Powder  /  1 

Powder  /  2 

Powder  /  3 

Sieve 

1100A1 

1100A1 

1100A1 

Analysis 

m _ 

m _ 

m _ 

+  80 

- 

11.60 

-  80  + 100 

- 

7.10 

-100  +  150 

- 

12.35 

-150  +  200 

- 

Trace 

11.75 

-200  +  250 

- 

3.48 

5.00 

-250  +  325 

- 

13.39 

14.35 

-325 

98 

83.03 

37.80 

Appaient.  Density 


(gm/cc) 

0.96 

0.97 

1.11 

Flow  Rate  (sec.) 

None 

None 

None 

Process 

Atomized 

Atomized 

Atomized 

Type 

Irregular 

Irregular 

Irregular 

EXPERIMENTAL  PROCEDURE 


Compaction 


All  specimens  were  compacted  on  a  hydraulic,  single  ram,  C-l'rame  type 
press  of  75  ton  capacity.  The  press  is  equipped  with  a  single  lever  touch  control 
for  varying  the  speed  and  pressure  of  the  ram.  Initial  examination  of  each  type  of 
powder  consisted  of  compressibility  studies  to  determine  the  pressures  necessary 
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to  obtain  any  specified  green  density.  All  sintered  mechanical  properties  were 
obtained  from  compacts  fabricated  in  a  standard  flat  tensile  bar  die .  Standard 
transverse  rupture  bars  were  also  fabricated  for  determining  green  strengths. 

A  feasibility  study  was  made  to  determine  if  an  aluminum  powder  with  a  2 
percent  addition  of  stearic  acid  could  be  compacted  in  a  production  type  press. 
The  part  selected  was  a  cylindrical  compact  3/8  inch  in  diameter  and  height. 


Lubricants 


Because  of  the  nature  of  this  program,  a  number  of  lubricants  were  in¬ 
vestigated.  These  included  stearic  acid,  magnesium  stearate,  aluminum  stearate 
and  paraffin  wax.  Numerous  other  metallic  stearates,  including  copper,  lithium, 
iron,  nickel  and  zinc  were  given  limited  experimentation  using  1  percent  additions. 
Powder  without  a  lubricant  added  was  also  studied.  Using  stearic  acid,  studies 
were  made  to  determine  the  effect  of  lubricant  content  on  the  properties  of  the  as- 
pressed,  and  pressed  and  sintered  compacts. 


Sintering  Atmospheres 


The  following  atmospheres  were  utilized  in  this  study:  (1)  dissociated  am¬ 
monia,  (2)  hydrogen,  (3)  purified  hydrogen,  (4)  helium,  (5)  nitrogen,  and  (6)  air. 

The  dissociated  ammonia  was  relatively  free  of  water  vapor,  as  can  b';  seen  from 
the  dew  point  shown  in  Table  n.  The  commercially  pure  hydrogen,  helium  and  oil- 
pumped  nitrogen  were  obtained  in  cylinders  and  the  gases  were  passed  through  a 
drying  train  prior  to  entry  into  the  furnace.  The  purified  hydrogen  was  tank  hydrogen 
which  had  been  passed  through  a  palladium  diffusion  cell.  A  constant  flow  of  abou< 

30  cfh  of  gas  was  maintained  during  the  sintering  cycle  with  each  atmosphere  except 
air.  The  sintering  of  specimens  il  air  was  accomplished  by  allowing  the  air  to  enter 
the  furnace  through  the  small  gas  burnoff  holes  in  the  loading  doors. 


ff 
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TABLE  II 

Dew  Poiats  of  Sintering  Atmospheres 


Sintering  Atmosphere 
dissociated  ammonia 


hydrogen 

purified  hydrogen 

helium 

nitrogen 

air 


Dew  Point  (9  F) 
-60  to  -40 
-70 

lower  than  -100 
not  determined 
-70 


Sintering 


The  specimens  were  sintered  in  a  two  inch  diameter  tube  f  .ace.  This 
furnace  is  of  the  electrical  resistance  type,  with  an  Inconel  tube  f  .wing  as  a 
muffle.  It  has  a  uniform  six  inch  long  hot  zone  and  a  maximum  operating  temper¬ 
ature  of  2100Q  F. 

Initially,  specimens  were  sintered  in  either  stainless  steel  or  graphite  boats. 
However,  at  about  11759  F  and  above,  there  was  an  alloying  reaction  between  the 
aluminum  specimens  and  the  stainless  steel  boat  and  melting  occurred.  The  unusual 
aspect  of  the  alloying  reaction  was  that  it  occurred  even  with  the  slightest  contact 
between  the  metal  boat  and  the  compact.  Investigation  showed  that  if  the  stainless 
boat  were  painted  with  a  commercial  material  used  for  limiting  the  flow  of  brazing 
compound,  the  alloying  was  prevented.  Unless  this  precaution  was  taken,  the  alloy¬ 
ing  reaction  occurred.  For  this  reason,  ail  additional  sintering  was  conducted  in 
graphite  boats. 

The  graphite  boats  were  fabricated  from  lg  inch  diameter  graphite  rods. 

The  rod  was  cut  in  half  lengthwise,  and  one  section  was  hollowed  out  to  accom¬ 
modate  three  flat  tensile  specimens;  the  remaining  hah  of  the  rod  was  utilized  as 
a  cover. 
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Property  Determinations 


Mechanical  properties  were  determined  on  standard  flat  tensile  bars 
using  standard  tensile  testing  equipment.  Percent  elongation  was  determined  by  , 

difference,  using  the  length  of  a  marked  one  inch  gauge  length  on  the  specimen 
before  and  after  the  tensile  test.  The  densities  of  the  compacts  were  obtained 
using  their  weight  in  air  and  their  volume  as  determined  by  Archimedes’  Principle.  j 

Surface  porosity  was  impregnated  with  wax. 

] 

i 
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RESULTS  AND  DISCUSSION 


1100  Aluminum  Powder 


The  Selection  of  a  Lubricant 


It  must  be  recognized  that  higher  properties  can  be  obtained  from  alumi¬ 
num  compacts  pressed  without  lubricants.  Cremer  and  Cordiano(5)  found  tensile 
strengths  of  about  17, 000  psi  and  ductilities  of  30  percent  with  non- lubricated, 
air-sintered  compacts.  The  resultant  reduction  in  mechanical  properties  due  to 
lubricant  additions,  as  well  as  other  drawbacks,  is  mentioned  in  the  above  cited 
report  and  is  again  emphatically  stressed  in  the  review  of  aluminum  powder  met¬ 
allurgy  by  Haertlein  and  Saclise(6).  Other  methods,  such  as  forced  lubrication  of 
the  die  and  punches,  are  suggested.  However,  it  was  believed  that  the  answer  to 
production  of  aluminum  parts  by  powder  metallurgy  was  in  finding  a  suitable 
mixed  lubricant  and  sintering  schedule. 

Aluminum  powder,  in  the  as-received,  non-lubricated  condition,  v/as  cold 
compacted  to  95  percent  of  theoretical  density  and  sintered  at  1175  eF  in  several 
atmospheres  for  control  purposes.  The  properties  of  the  bars  thus  produced  are 
shown  in  Table  HI.  It  will  be  noted  that  in  all  cases  the  tensile  strength  is  the  same 
as  that  of  wrought  1100  aluminum  indicating  that  the  oxide  film  can  be  disrupted  and 
interparti  ole  bonding  will  occur  under  cold  compaction  techniques.  When  the  com- 
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TABLE  III 

Effects  of  Lubricants  on  Mechanical  Properties 


Sintering 

No  Lubricant 

0  5%  Paraffin 

1%  Alum. 

Stearate 

1%  Mag.  Stearate 

Atmosphere 

T.S_,.(ps.i) 

EM%> 

3Lg.-lP.gii 

El.(%) 

T.  S.  (vsi) 

El.1%) 

T.S.(vsi)  El.  (%) 

Hydrogen 

13,600 

28 

10, 000 

8 

5,700 

nil 

1,800  nil 

Dissociated 

Ammonia 

13,400 

29 

6,300 

1 

3,300 

nil 

650  nil 

Air 

13,500 

19 

1,400 

nil 

2,100 

nil 

-  - 

pacts  were  sintered  in  air,  the  ductility  was  significantly  lower  than  when  sinter¬ 
ed  in  other  atmospheres,  the  decrease  being  attributed  to  oxygen.  Visual  inspection 
of  the  compacts  sintered  in  dissociated  ammonia  revealed  a  yellow  crystalline  sub¬ 
stance  in  the  matrix  believed  to  be  aluminum  nitride  (AlgNg). 

Experiments  were  conducted  with  small  additions  of  either  paraffin  wax, 
aluminum  stearate  or  magnesium  stearate  to  an  aluminum  powder.  Compacts  were 
pressed  from  these  mixtures  to  99  percent  of  the  theoretical  density  and  sintered 
at  1175  9  F  for  one  hour  in  either  hydrogen,  dissociated  ammonia  or  air.  ihe  me¬ 
chanical  properties  of  these  sinterings  are  included  with  those  of  the  compacts 
without  a  lubricant  shown  in  Table  HI.  In  addition,  numerous  other  metallic 
stearates  were  attempted  with  similar  results . 

These  additions  caused  compaction  difficulties  in  that  only  the  powder  which 
contained  a  large  percentage  of  coarse  particles  could  be  compacted  to  the  high 
density.  Paraffin,  particularly,  caused  agglomeration  of  the  particles.  The  dele¬ 
terious  effect  of  the  lubricants  on  the  mechanical  properties  of  these  sintered  com 
pacts  was  apparent  when  compared  with  those  of  sinterings  without  a  lubricant. 
Slightly  better  properties  were  obtained  with  the  compacts  sintered  in  the  reduc¬ 
ing  atmospheres,  with  the  "best'1  properties  being  obtained  with  compacts  lubricat 
ed  with  the  paraffin  wax  and  sintered  in  hydrogen.  Again,  the  lubricated  compacts 
sintered  in  air  all  had  very  low  properties. 

A  comparison  of  the  weight  before  and  after  sintering  was  made.  It  was 
noted  that  compacts  sintered  in  air  had  an  increase  in  weight  whereas  the  com¬ 
pacts  sintered  in  hydrogen  had  a  decrease  in  weight.  An  examination  of  the  micro 
structure  of  specimens  from  each  group  showed  that  a  surface  film,  probably  alu¬ 
minum  oxide,  had  developed  on  the  specimens  and  that  residue  from  the  lubricant 
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was  entrapped  within  the  pores.  However,  the  film  was  much  thinner  arul  the  amount 
of  residue  was  much  less  in  the  compacts  sintered  in  hydrogen.  These  observations 
seemed  to  indicate  that  the  hydrogen  atmosphere  retarded  the  growth  of  the  film 
which  in  turn  presented  less  of  a  barrier  to  the  escape  of  the  lubricant  during  sin¬ 
tering.  The  air  atmosphere,  on  the  other  hand,  accelerated  the  growth  of  the  film 
which  by  its  additional  thickness  prevented  the  escape  of  most  of  the  lubricant.  The 
better  mechanical  properties  obtained  in  the  compacts  sintered  in  hydrogen  may, 
therefore,  be  attributed  te  the  smaller  amount  of  lubricant  residue  present  to  iu~ 
terfefre  with  sintering. 


In  view  of  these  observations,  further  experimentation  was  conducted  with 
stearic  acid  as  a  lubricant.  Preliminary  experiments  with  stearic  acid  indicated 
that  it  vaporized  faster  than  the  above  mentioned  lubricants  and  would,  therefore, 
leave  less  residue  in  the  compact  after  sintering.  It  also  improved  the  flow  rat# 
and  blended  much  more  easily  with  the  metal  powder.  Compacts  were  pressed  to 
a  density  of  95  percent  of  theoretical  density  from  the  three  grades  of  aluminum 
powder  with  an  addition  of  1  percent  stearic  acid,  and  were  sintered  in  hydrogen 
for  one  hour  at  1175  ?F.  The  mechanical  properties  obtained  from  these  compacts 
are  shown  in  Table  IV  of  the  following  section.  These  properties  are  higher  than 
those  reported  in  the  literature  for  similar  processing  conditions,  and  have  excel¬ 
lent  ductility  for  a  powdered  aluminum  part.  Consequently,  stearic  acid  was  chosen 
as  the  lubricant. 


Effect  of  Powder  Characteristics 


J 


The  three  1100  Aluminum  powders  are  identified  by  their  percentage  of 
fines,  i.e. ,  the  percent  of  minus  325  mesh  fraction.  An  analysis  of  the  respective 
powders  showed  then,  to  be  38%,  83%  and  98%  -  325  mesh.  It  will  be  noted  from 
Table  I  that  none  of  the  powders  had  an  observable  flow  rate.  When  working  with 
the  as-received  material,  the  38  percent  powder  was  the  easiest  to  fabricate  from 
the  standpoint  of  ease  of  die  fill,  and  also  exhibited  better  compaction  character¬ 
istics.  These  results  are  in  accord  with  typical  powder  metallurgy  observations 
in  which  coarse  powders  have  higher  flow  rates  and  consequently  better  die  filling. 
In  the  case  of  aluminum  powders,  their  coarseness  also  tends  to  reduce  siezing 
and  extrusion  between  the  punch  and  die  wall  to  form  flashing.  Cremer  and  Cord- 
iano(5),  in  their  work  on  aluminum  powders,  also  remark  of  similar  experiences 
and  suggest  the  use  of  coarse  powders.  However,  their  results  indicate  that  par¬ 
ticle  size  has  only  a  slight  effect  upon  tensile  strength  of  the  sintered  compacts. 
Although  defining  experimentation  was  not  conducted  during  this  work,  it  is  felt 
that  the  variations  in  sintered  properties  resulted  in  a  largn  part  te  differences  in 
the  particle  size  distributions  of  the  powders  used. 
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The  properties  of  compacts  formed  from  these  three  commercial  grades 
of  powder  were  determined.  For  this  experimentation,  1  percent  stearic  acid  was 
added  to  the  powder,  pressed  to  a  green  density  of  2.55  gm/cc. ,  and  the  tensile 
bars  were  sintered  for  one  hour  at  1175  9  F  in  pure  hydrogen  with  a  flow  of  30  cfh. 
The  results  are  shown  in  Table  IV.  The  sintering  schedule  and  lubricant  selected 
for  this  work  were  chosen  based  on  other  experimentation  carried  out  simultane¬ 
ously.  Each  subject  will  be  covered  in  detail  later. 


TABLE  IV 

Effect  of  Particle  Size  Distribution  on  Properties 


Powder 

Density  (gm/cc) 

Tensile  Strength 

Elongation 

(%  fines) 

Green 

Sintered 

(psi) 

(%  in  1") 

38% 

2.58 

2.58 

12,800 

21 

83% 

2.56 

2.63 

14,100 

30 

98% 

2.55 

2.59 

13,700 

23 

The  83  percent  fines  powder  exhibited  the  greatest  densifieation  during 
sintering  and  the  best  sintered  properties.  The  values  obtained  are  the  average  of 
at  least  three  bars.  The  maximum  property  values  determined  during  this  invest¬ 
igation  were  a  tensile  strength  of  14, 450  psi  with  an  elongation  of  35  percent,  and 
were  obtained  using  the  83  percent  powder.  This  compares  favorably  with  wrought 
annealed  aluminum  having  a  tensi’s  value  of  13,500  psi  and  45  percent  ductility. 
Consequently,  this  powder  was  selected  for  all  further  experimentation. 

The  98  percent  fines  powder  exhibited  the  next  best  property  levels,  but 
was  somewhat  lower  in  elongation  relative  to  the  83  percent  powder,  while  the 
coarest  powder  with  38  percent  fines  had  the  lowest  properties,  as  would  be  ex¬ 
pected. 
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Compressibility  Studies 


Typical  compressibility  studies  were  run  using  all  three  grades  of  powder 
with  one  percent  stearic  acid  as  a  lubricant.  Cylindrical  compacts  were  pressed 
at  20,  30  and  40  tsi,  and  resulted  in  progressively  increasing  densities  as  would 
be  expected.  At  the  20  tsi  pressure,  the  98  percent  powder  had  the  highest  green 
density,  2.45  gm/cc.  At  the  highest  pressure,  all  compacts  approached  the  same 
density,  2.60  gm/cc.  Further  investigation  using  different  grades  of  lubricant 
yielded  the  same  results.  The  data  obtained  was  used  to  fabricate  the  test  bars 
shown  in  Table  IV. 

As  has  been  indicated  many  times  in  the  literature,  it  was  found  that  the 
seizing  of  the  aluminum  powder  to  the  die  wall  became  more  severe  as  the  height 
of  the  compact  was  increased.  This  is  to  be  expected,  as  an  increase  in  the  height 
of  the  compact  corresponds  to  an  increase  in  the  contact  surface  area.  However, 
a  direct  relationship  of  compacting  pressure  vs.  surface  area  is  not  possible  be¬ 
cause  of  the  effect  of  other  variables.  Aluminum  is  particularly  difficult  to  compact 
due  to  its  high  coefficient  of  friction  with  steel.  In  addition,  the  high  radial  pres¬ 
sures  which  occur  in  aluminum  powders  during  compaction  magnify  this  problem. 

For  all  powders  tested,  a  stearic  acid  content  of  3  percent  was  sufficient 
to  eliminate  the  cold  welding  action  of  the  aluminum.  With  a  stearic  acid  content 
of  2  percent,  the  fine  powders  had  a  slight  tendency  to  seize  to  the  die  wall  if  high 
compacting  pressures,  corresponding  to  green  densities  of  2. 55  gm/cc  or  greater 
were  used.  The  coarse  powder,  38%  fines  with  2  percent  lubricant,  could  be  com¬ 
pacted  to  densities  up  to  2.60  gm/cc  without  difficulty.  At  a  stearic  acid  content 
of  one  percent,  it  was  not  possible  to  compact  any  of  the  powders  without  eventual 
die  wall  seizure. 

A  feasibility  study  was  made  to  determine  if  an  aluminum  powder  with  a  2 
percent  addition  of  stearic  acid  could  be  compacted  in  a  production  type  press. 
Cylindrical  compacts  3/8  inch  in  diameter  and  height  were  continuously  compact¬ 
ed  from  the  83  percent  fines  powder  in  a  production  press  to  a  density  of  95  per 
cent  at  the  rate  of  approximately  15  compacts  per  minute.  After  10  minutes  of 
operation,  the  tooling  was  examined  and  there  was  no  sign  of  particle  pickup.  The 
time  length  was  considered  adequate,  as  it  was  found  from  previous  experience 
that  if  seizing  were  going  to  occur,  it  would  do  so  within  the  first  minute  or  two. 
or  within  approximately  the  first  twenty-five  parts  fabricated.  Therefore,  even 
though  the  time  span  was  short,  it  indicated  that  the  process  was  satisfactory  for 
production.  Later,  a  few  hundred  parts  each  of  1/4  and  1/8  inch  diameter  cylinders 
was  made  from  aluminum  powder.  Using  the  above  processing  technique,  satisfac¬ 
tory  parts  were  fabricated  with  a  controlled  porosity  of  20  percent  with  no  die 
complications.  Since  cylinders  are  considered  a  simple  part,  it  was  felt  neces¬ 
sary  to  determine  the  limitations  of  the  process,  if  any,  through  the  compaction  of 
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a  more  complicated  shape.  Tooling  was  available  for  a  complex  part  used  for  the 
timing  mechanism  in  a  fuse.  It  consisted  of  a  7/8  inch  diameter  disk  wiin  one  slight 
scallop  on  the  edge,  two  through  holes  and  two  blind  holes.  It  was  found  to  be  ne¬ 
cessary  to  increase  the  stearic  acid  content  to  3  percent,  and  even  then  the  core 
rods  eventually  built  up  a  sufficient  accumulation  of  aluminum  to  shut  down  pro¬ 
duction.  Further  experimentation  will  be  required  into  specific  design  modifications 
in  order  to  satisfactorily  fabricate  the  part. 


Effect  of  Stearic  Acid  Additions  on  Green  Strength 


The  amount  of  stearic  acid  added  to  the  aluminum  powder  greatly  affected 
the  transverse  rupture  strength  of  the  as-pressed  compacts.  For  example,  com¬ 
pacts  pressed  from  the  83  percent  -325  mesh  powder,  with  no  lubricant  addition, 
had  densities  of  2.25  and  2.55  gm/cc  and  had  green  strengths  of  1350  and  4050  psi. 
With  a  1  percent  addition  of  stearic  acid,  compacts  at  the  same  densities  had  trans 
verse  rupture  strengths  of  only  125  and  900  psi.  The  strengths  at  other  lubricant 
contents  are  shown  in  Table  V.  It  can  be  seen  that  further  increases  in  the  stearic 
acid  content  had  little  effect  green  strength,  by  comparison  with  the  original  de¬ 
crease  resulting  from  the  initial  one  percent  addition.  The  slight  increase  in  pro 
perties  at  3  percent  lubricant  is  unexplained. 


TABLE  V 

Effect  of  Stearic  Acid  Additions  on  Green  Strength 


Stearic  Acid 
Content(%) 

Green  Density 
(gm/cc) 

Percent  of 
Theoretical 
Density  (%) 

Transverse  Rupture 
Strength  (psi) 

0 

2.25 

83 

1350 

1 

2.25 

85 

125 

2 

2.25 

86 

70 

3 

2.25 

88 

160 

0 

2,55 

95 

4050 

1 

2.55 

96 

900 

2 

2.55 

98 

350 

3 

2.55 

100 

450 
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These  higher  amounts  of  lubricant  additions  aid  primarily  in  ejecting  the 
compacts  from  the  die.  It  is  pointed  out,  however,  that  as  the  stearic  acid  addition 
is  increased,  the  theoretical  density  of  the  aluminum-stearic  acid  mixture  de¬ 
creases  considerably,  as  is  shown  in  Table  VI.  Consequently,  the  percentage  of 
theoretical  density  of  these  compacts  increases  with  increased  lubricant  content 


TABLE  VI 

Effect  of  Lubricant  Content  on  Theoretical  Density 


Stearic  Acid 
Addition  (%) 


Theoretical  Density  of  the 


Mechanical  Mixture  (gm/cc) 


0 

1 

2 

3 


2.70 

2.65 

2.61 

2.56 


when  pressed  to  a  constant  apparent  density.  This  results  because  of  the  reduction 
in  the  theoretical  density  of  the  mixture.  Since  the  percent  of  theoretical  density  is 
increasing,  the  compacting  pressure  will  also  be  higher.  In  addition,  it  is  important 
to  note  that  more  shrinkage  must  occur  during  the  sintering  of  the  compacts  with  the 
higher  lubricant  additions  to  achieve  the  same  sintered  density  level. 


Compacts  were  formed  from  the  83  percent  minus  325  mesh  powder  with 
one  percent  stearic  acid  to  a  density  of  2.55  gm/cc  and  were  sintered  at  11752  F 
for  hour  in  various  atmospheres.  The  results  are  shown  in  Table  VII.  All  atmo¬ 
spheres  were  at  35  cfh.  It  can  be  seen  from  these  data  that  purified  hydrogen  is 
not  essential  to  the  successful  sintering  of  aluminum.  The  properties  of  the  com¬ 
pacts  sintered  in  hydrogen,  purified  hydrogen  and  helium  were  quite  similar. 
Furthermore,  dew  point  may  not  be  a  significant  factor.  Purified  hydrogen  was 
used  for  the  completion  of  the  study  because  of  the  case  of  maintaining  a  uniform 
level  of  purity.  In  the  work  of  Haertlein  and  Sachse(6),  similar  studies  were  run 
with  consistently  lower  results,  especially  ductility.  They  included  in  their  in¬ 
vestigation  partially  combusted  propane,  which  gave  the  lowest  results  of  either 
study.  Haertlein  and  Sachse  also  found  that  vacuum  sintering  did  not  improve  pro 
perties  as  might  be  expected  because  of  more  complete  removal  of  the  lubricant. 
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TABLE  VII 

Effect  of  Furnace  Atmosphere  on  Properties 


Sintering 

Dev/  Point 

Sintered 

Tensile 

Elongation 

Atmosphere 

(op) 

Density 

Strength 

i%  in  1”) 

(gm/cc) 

,-iP.siJ- 

hydrogen 

-40 

2.63 

13,900 

30 

purified 

hydrogen 

-100 

2.63 

14,100 

30 

helium 

not 

2.61 

14,200 

29 

determined 

nitrogen 

0 

2.62 

13,900 

20 

Effect  of  Compacting  Pressure  and  Green  Density  on  Sintered  Properties 


Compacts  were  fabricated  at  several  density  levels  from  the  83  percent 
-325  mesh  powder  containing  1  percent  stearic  acid,  and  were  sintered  at  1175  £  F 
for  one  hour  in  a  purified  hydrogen  atmosphere.  The  results  are  shown  in  Table 
VIH. 


The  major  significance  of  these  results  is  they  show  that  compacts  having 
densities  of  85  percent  of  theoretical  can  be  sintered  to  a  density  of  96  percent  of 
theoretical  with  only  a  slight  sacrifice  in  sintered  mechanical  properties.  This 
finding  indicates  a  partial  solution  to  the  molding  problem  with  aluminum  in  that 
the  seizing  and  galling  effects  of  the  powder  are  substantially  reduced  at  the  lower 
molding  pressures.  Further  investigation  was  then  made  is  order  to  determine  if 
the  cold  welding  action  could  be  completely  eliminated  by  increased  lubricant 
content  without  correspondingly  significant  decreases  in  properties  at  these  lower 
compacting  pressures. 
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TABLE  VIII 

Effect  of  Green  Density  on  Sintered  Properties 


Compacting 

Pressure 

(tsi) 

Green 

Density 

(gm/cc) 

Percent  of 
Theoretical 
Density 

Sintered 

Density 

(gm/cc) 

Percent  of 
Theoretical 
Density 

Tensile 

Strength 

(Psi) 

Properties 
Elongation 
(%  in  1") . 

10 

2,25 

85 

2.60 

96 

13,000 

20 

13 

2.35 

89 

2.61 

97 

13,300 

20 

16 

2.45 

92 

2.61 

97 

13,900 

26 

23 

2.55 

96 

2.63 

98 

14,100 

30 

Effect  of  Stearic  Acid  Additions  on  Properties  of  the  Sintered  Compacts 

Compacts  were  pressed  to  twc  density  levels,  2.25  and  2.55  gm/cc,  from  the 
83  percent  fines  powder  with  0,  1,  2  and  3  percent  stearic  acid.  One  half  the  samples 
were  presintered  at  750 eF  for  30  minutes  in  hydrogen  using  graphite  covered  boats. 
This  temperature  is  above  the  boiling  temperature  of  the  stearic  acid.  All  samples 
were  then  sintered  at  1175  QF  for  one  hour  in  hydrogen.  The  results  are  shown  in 
Table  IX. 

In  general,  increasing  the  stearic  acid  content  decreased  both  tensile  strength 
and  elongation.  The  decreases  in  weight  of  the  compacts  during  sintering  correspond 
to  that  required  for  complete  removal  of  the  lubricant.  The  decreases  in  tensile  pro 
perties  were,  therefore,  probably  not  the  result  of  interference  from  entrapped 
lubricant  or  other  reactions  between  the  stearic  acid  and  the  aluminum  which  would 
interfere  with  sintering,  but  are  related  with  the  lower  sintered  densities.  All  green 
bars  were  originally  at  the  3ame  approximate  volume.  The  compacts  with  higher 
percentages  of  lubricant  lost  more  weight,  creating  porosity.  Since  densification  is 
slight  during  sintering,  the  sintered  density  is  lower  and  is  reflected  in  the  lower 
properties. 

Presintering  of  the  compacts  prior  to  sintering  did  not  result  in  any  significant 
changes  in  tensile  properties,  as  can  be  seen  from  Table  IX.  The  sintered  densities 
of  the  presintered  compacts  were  generally  higher  than  those  of  similarly  proces¬ 
sed  green  compacts.  However,  the  expected  improvement  in  tensile  properties  be 
cause  of  increased  density  did  not  occur.  It  again  appears  to  be  difficult  to  relate 
this  phenomenon  to  interference  from  the  lubricant,  as  that  would  have  also  been 
reflected  in  the  sintered  density. 


Effect  of  Stearic  Acid  Additions  on  Sintered  Properties 
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As  a  result  of  presintering,  there  was,  however,  a  general  improvement 
in  the  surface  appearance  through  the  elimination  of  discoloration  normally  caused 
by  the  lubricant.  The  bars  were  held  at  a  temperature  sufficiently  high  to  permit 
volatilization  of  the  stearic  acid  before  sintering  could  occur  to  entrap  the  gases. 


Effects  of  Sintering  Time  and  Temperature 


Compacts  with  2  percent  stearic  acid  were  molded  at  2. 25  and  2. 55  gm/cc 
density  levels,  were  presintered  at  7509  f  for  30  minutes  and  sintered  at  11750  F 
for  various  periods  of  time.  The  results  are  shown  in  Table  X. 

The  data  indicates  that  sintering  times  of  30  minutes  or  longer  should  be 
employed  to  achieve  good  strength  aod  ductility. 

Initial  studies  indicated  that  compacts  processed  at  temperatures  below 
1175  ?F  did  not  sinter  to  a  significant  extent.  Consequently,  experimental  work  was 
conducted  to  determine  the  effects  of  sintering  temperature  on  the  mechanical 
properties  of  compacts  fabricated  from  the  83  percent  fines  powder.  A  range  of 
sintering  temperatures  between  1100 9 F  and  12009 F  in  25 o  increments  was  used. 
All  compacts  were  pressed  to  a  green  density  of  2.55  gm/cc,  using  two  percent 
stearic  acid  as  a  lubricant,  and  were  presintered  in  pure  hydrogen  at  7509  F  for 
30  minutes.  They  were  sintered  for  one  hour  in  pure  hydrogen  at  the  temperature 
levels  indicated  above.  The  results  are  shown  in  Table  XI.  In  addition,  a  study 
was  made  correlating  the  microstructure  of  the  compacts  with  the  tensile  proper¬ 
ties.  The  photomicrographs  obtained  show  a  definite  and  pronounced  increase  in 
degree  of  sintering  as  determined  by  a  decrease  in  particle  boundaries  with  each 
25  o  F  rise  in  sintering  temperature.  The  propertiei  could  be  directly  correlated 
with  structure,  as  can  be  seen  by  comparing  Table  XI  with  the  photomicrographs. 
Ail  pictures  were  from  transverse  sections  of  the  tensile  bars,  and  are  at  500x. 
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TABLE  X 

Effects  of  Sinter imr  Time  on  Pmneriies 

w  - -  -  —  -  —  —  —  -  — 


Compact  Density  - 

2. 25  gm/cc 

Compact  Density  - 

2.55  gm/cc 

Time 

,-rmni 

Sintered 

Density 

Tensile  Properties 
Strength  Elongation 

Sintered  Tensile  Properties 
Density  Strength  Elongation 
(gm/cc)  (psi)  (%  in  1”) 

15 

2.26 

2,100 

nil 

2.58  11,000 

13 

30 

2.58 

12, 700 

22 

2.61  12,800 

20 

60 

2.64 

13,000 

22 

2.63  13,100 

22 

120 

2.55 

12,400 

18 

2.62  13,400 

26 

TABLE  XI 

Effect  of  Sintering  Temperature  on  Properties 


Sintering  Temperature 
... _ ill} _ _ 

Tensile  Strength 
...  (Psi) 

Elongation 
(?0  in  1”) 

1100 

2,960 

nil 

1125 

5,180 

0.8 

1150 

10,920 

9.6 

1175 

13,360 

25.5 

1200 

Melting 

Typical  Microstructures  for  1100  Aluminum  Compacts  Sintered 
for  1  Hour  at  (a)  1100°F  and  (b)  1125°F 


Fig.  2  Typical  Microstructures  for  1100  Aluminum  Compacts  Sintered 
for  1  Hour  at  (c)  1150°F  and  (d)1175°F 
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Fig.  3  Typical  Microstructure  of  an  1100  Aluminum  Compact  Sintered 
at  1200°F  for  1  Hour 
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RESULTS  AND  DISCUSSION 


Alloy  Powders 

Attempts  were  made  to  apply  the  results  of  the  study  of  the  1100  aluminum 
to  aluminum  base  alloys.  Two  pre-alloyed  powders,  an  aluminum  10%  iron  alloy 
and  a  7075  type  alloy,  were  chosen  because  of  their  availability  in  powder  form. 
Typical  property  levels  for  extrusions  of  aluminum  alloy  707 5  in  the  heat  treated 
condition  show  a  tensile  strength  of  approximately  88, 000  psi  and  elongation  of  10 
percent.  For  comparative  purposes  with  the  iron-aluminum  alloy,  extrusions 
from  powder  of  similar  chemical  composition  had  tensile  strengths  of  48, 000  psi 
with  an  elongation  of  1.5  percent. 


The  7075  powder  was  found  to  fcc  extremely  hard  due  to  'be  alloying  add¬ 
itions  in  solid  solution.  Consequently,  very  low  green  densities  resulted  for  ui  iv- 
alent  comp  acting  pressures  used  with  the  1100  aluminum  powder.  Compacting 
pressures  of  50  tsi,  double  that  used  pr'  /iousiy,  gave  a  maximum  density  oi  only 
90  percent  of  theoretical.  The  compressibility  of  the  powder  was  somewhat  im¬ 
proved  by  an  annealing  treatment,  and  equivalent  densities  could  be  reached  at 
mu  .,u  lower  pressures .  Based  on  the  results  obtained  on  the  effect  of  compacting 
pressure  vs.  sintered  density  with  the  1100  powder,  it  was  realised. that  mgh 
green  density  was- not  necessary  to  achieve  high  sintered  densities.  Since  lower 
compact  densities  were  satisfactory,  no  further  investigation  was  made  into 
compressibility  behavior. 


The  7075'  material  was  studied  using  the  parameters  icr  ihe  1100  alum  is 
model  material:  In  addition,  this  alloy  is  susceptible  to  the  standard  W  and  To 
*  reatments,  and  all  properties  determined  w'ere  in  the  1G  condition.  The  effects  c‘ 
sintering  time,* sintering  temperature  and  green  density  on  this  material  were 
determined.  During  this  preliminary  ~ludy,  the  strength  level  cculd  not  be  raised 
-hove  2f»,000*psi  tensile  strength.  MUcigl  laCvX  grcijoriies  appear  low,  it  must 


be  recognized  vhst  the  i.  .a- ' mum  siisc.ris  ic  /pe?\itere  cv  plcycc 


8502  F,  or 
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considerably  below  the  required  sintering  temperature  at  1175-’  F  as  determined 
for  the.  i  100  aluminum.  Since  the  7075  alloy  has  a  solidus  temperature  of  890‘F, 
higher  sintering  temperatures  would  cause  melting.  Consequently,  satisfactory 
property  levels  could  not  be  achieved.  It  was  concluded  that  the  sintering  temper 
a  lure  of  II 752  F  determined  for  the  13  00  aluminum  was  an  absolute  temperature 
and  not  a  percentage  of  the  melting  point. 

Another  preliminary  investigation  was  made  using  an,  aluminum- iron 
alloy.  Again,  compressibility  data  also  indicated  the  characteristically  high 
hardness  of  prealloved  aluminum  in  this  material.  A  compacting  pressure  of  50 
tsi  resulted  in  a  maximum  green  density  of  88  percent  of  theoretical.  Although  all 
powder  metallurgy  products  are  known  to  experience  some  springback  or  relief 
upon  ejection  from  the  die,  compacts  of  this  powder  expanded  a  minimum  of  0.10 
inches  per  inch  when  compacted  in  a  cylindrical  die.  It  is  believed  that  this  powder 
urineipally  deforms  elastically,  and  consequently  relieves  the  internal  stressess 
upon  release  from  the  die. 

This  alloy  was  specifically  chosen  because  its  eutectic  temperature  is  a!»ve 
the  recommended  sintering  temperature  of  1175^‘F.  Compacts  were  fabricated  to 
85  percent  of  theoretical  density  using  2  percent  stearic  acid.  The  tensile  bars 
were  presintered  at  750  1  F  for  50  minutes  and  sintered  for  1  hour  at  1175 -F,  all 
m  pure  hydrogen.  The  property  levels  determined  showed  no  increase  over  those 
of  1100  aluminum,  and  the  elongation  was  drastically  reduced.  The  lower  proper¬ 
ties  of  the  prealloyed  aluminum-iron  powder  are  believed  due  to  the  excessive 
springback.  In  this  case,  the  relief  was  so  great  that  it  could  break  the  cold 
welded  bonds  formed  during  compression.  The  rupture  was  so  severe  that  even 
long  sintering  times  did  not  neal  the  bonds,  thus  accounting  for  the  low  ductilities. 
This  may  explain,  in  part,  the  poor  results  obtained  with  other  preaJloyed  alum¬ 
inum  powders.  Cremer  and  Cordiaao(^)  also  indicate  the  extreme  hardness  of 
prealloyed  aluminum  powders,  and  note  that  they  are  unsatisfactory,  their  great¬ 
est  deficiency  being  a  lack  of  ductility. 

As  a  means  of  circumventing  the  compaction  problem,  an  initial  investig¬ 
ation  was  conducted  with  aluminum  powder  alloys  which  were  prepared  by  me¬ 
chanical  mixing.  Two  percent  of  various  elemental  additions  were  mixed  with  the 
38  percent  minus  325  mesh  aluminum  powder.  The  additions  were  in  elemental 
form  and  were  minus  325  mesh  powder.  Diffusion  was  complete  within  the  sinter¬ 
ing  timesemployed ,  forming  the  respective  alloys.  The  results  in  many  cases  in¬ 
dicated  an  improvement  in  property  levels  above  those  for  the  1100  aluminum 
compacts.  Particularly  interesting  were  the  results  obtained  with  a  10  percent 
addition  of  carbonyl  iron  to  the  83  percent  -325  mesh  aluminum  powder,  chosen 
to  simulate  the  iron  prealloyed  powder.  Compacts  processed  in  a  similar  manner 
had  tensile  strengths  of  21,000  psi  with  elongatious  of  5.1  percent,  while  retanuag 
the  excellent  compressibility  of  the  elemental  aluminum.  These  preliminary  studies 
ndicate  a  partial  solution  to  work  mg  with  aluminum  base  aliovs  and  pciui  oui  .m 
area  for  further  investigation. 
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CONCLUSIONS 


A  satisfactory  schedule  has  been  developed  for  fabricating  parts  of  1100 
aluminum  with  tensile  strengths  of  14,  000  psi  and  30  percent  elongations. 
These  properties  compare  favorably  with  those  of  the  annealed  wrought 
aluminum. 


Compacts  fabricated  with  low  green  densities  can  be  sintered  to  the  ex¬ 
cellent  property  levels  at  high  sintered  densities.  This  permits  lower 
compaction  pressures  to  be  employed,  with  less  associated  seizing. 


The  material  must  be  capable  of  being  sintered  at  1175?  F  or  higher  in 
order  to  form  satisfactory  sinter  bonds. 


The  fabrication  schedule  developed  for  1100  aluminum  powder  in  this  in¬ 
vestigation  applies  only  to  the  specified  combination  of  powder,  lubricant 
and  sintering  atmosphere.  It  was  found  that  a  mixture  of  2  percent  stearic 
acid  with  a  powder  containing  100%  minus  200  mesh  or  83%  minus  325  mesh 
yielded  the  best  results. 


The  successful  use  of  a  lubricant  addition,  without  deleterious  effects,  is 
in  contrast  with  the  literature,  where  many  investigators  have  found  that 
such  conditions  result  in  lower  properties,  especially  ductility. 


The  optimum  sintering  schedule  is  as  follows:  parts  compacted  to  approxi¬ 
mately  85  percent  of  theoretical  density  with  a  2  percent  stearic  acid 
lubricant  addition  are  presintered  in  hydrogen  for  30  minutes  at  75 0  i  F. 
The  compacts  are  then  sintered  at  1175  ?  F  for  1  hour  in  hydrogen. 


Relatively  simple  parts  can  be  fabricated  on  commercial  compacting  pres¬ 
ses.  However,  complex  parts  may  require  specific  design  modifications, 
such  as  elimination  of  small  diameter  holes  and  sharp  radii. 
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S.  It  has  been  found  possible  to  reduce  the  high  compacting  pressure  required 
for  prealloyed  powders  by  utilizing  a  mixture  of  elemental  powders.  This 
retains  the  excellent  compaction  characteristics  of  the  1100  aluminum. 
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TE  MP  LA  BI  LED  AD  DE  ACEROS  DE  CONSTRUCCION 


por  Dionisio  Farfas 


1.  IntfoducciOn 


La  Direccibn  Nacional  de  Fabricaciones  e  Investigaciones  Aeronduticas 
(DfNFIA)  es  desde  el  ano  1927  (en  que  se  fund <3  con  el  nombre  de  Fdbrica  Militar 
de  Aviones)  una  Institucibn  bdsicamente  Aerondutiea,  donde  se  han  desarrollado 
y  construfdo  numerosos  aviones  y  dltimamente  cohetes,  y  donde  a  la  Ihdustria 
Aerondutica  se  agregaron  otras  fabricaciones:  Autombviles,  Motocicletas,  Herra 
mientas.de  precision,  Instrumentos  para  Aviones  y  vehfculos  automotores,  etc. 

Para  desarrollar  tan  variada  accibn  ha  necesitado  contar  siempre  con  ma 
teriales  de  diversos  tipos,  especialmente  metdlico  y  dentro  de  bstos  sobre  todo 
aleaciones  ferrosas  y  de  aluminio. 

La  aplieacibn  de  tales  materiales,  normalmente  importados,  requirib  la 
formacibn  de  personal  con  conocimientos  de  los  procesos  metaldrgicos  y  trata- 
mientos  tdrmieos  a  que  se  deben  someter  tales  aleaciones. 

Desde  la  iniciacibn  como  Fdbrica  Militar  de  Aviones,  esta  Ihstitucibn  con 
td  con  un  Laboratorio  de  Ensayos  de  Materiales,  donde  se  iniciaron  algunos  de  los 
pfimeros  estudios  de  Metalograffla  en  el  pafs,  y  desde  dcnde  se  ha  cooperado  en 
todo  sentido  con  la  Industria  que,  a  iniciativa  de  DINFIA  y  como  principal  elemen 
to  promotor,  se  ha  desarrollado  en  Cordoba. 

El  Departamento  MATERIALES  Y  PROCESOS,  que  es  en  la  actuaKdad  un 
Laboratorio  bien  dotado  en  mlquinas,  equipos  e  instrumentos  de  precisibn  y  con 
personal  calificado,  sigue  en  la  tarea  de  control  de  los  materiales  y  r.rooesos  uti 
lizados  en  las  distintas  fabricaciones  que  realiza  DINFIA,  en  el  Estudio  de  Pro- 
blemas  de  Materiales  para  Proyectos  y  desarrollos  futuros,  asf  como  en  colabo 
racibn  permanente  con  la  Industria  Privada  del  Pafs. 

El  conocimiento  de  los  mdltiples  problemas  que  plantea  el  correcto  uso  de 
los  aceros  es  une  de  los  factores  que  motivan  el  presente  trabajo;  en  el  que  se 
tiata  de  resumir  algunas  experiencias  realizadas  en  el  Laboratorio,  tendientes  a 
determinar  exhaustivamente  las  propiedades  de  Templabilidad  de  los  Aceros  alea- 
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(if  H  d»-  ronstruocifin,  quo  m<!s  so  emplcan  on  la  actualidad  on  las  Indus!  r  us  acre- 
n.tutioas  y  automotoras. 

Se  pretende  dnicamonte  reunir  ordenada monte  las  diversas  earaoterfsticas 
do  Templabilidad,  que  faoiliton  una  coriecta  aplicacidn  de  tales  aeeros.  evitando 
qo.  empleos  errdneos  disminuyan  la  cal  triad  de  ptezas.  que  por  su  diseno  o  proco 
•s  de  fabricacidn,  debieran  ser  consideradas  como  perfectas. 

Se  han  elegido  los  aeeros  que  se  emplean  Templados  y  Revenidos,  porque 
<:  considera  que  son  los  que  presentan  mayor es  dificultades  en  su  aplicacidn  o 
,f  pi  testa  en  obia”,  justamente  por  los  prohlemas  que  representan  esos  tratamien-- 
t«*s  tdrmicos  y  por  la  estreeha  relacitin  que  tsenen  las  caracterfsticas  de  Templa- 
hilidad  del  acero,  con  la  eleccifin  del  mils  conveniente  para  una  determinada  pieza. 


CONCEPTOS  DE  TEMPLABILIDAD  DK  AC  EROS 


Los  aeeros  son  aleaciones  ferrosas  que  han  desempenado  un  papel  de  pri¬ 
mer  orden  en  el  desarrollo  de  la  Induslria.  Pese  al  auge  que  tienen  en  nuestro 
tiempo  otros  metales  y  aleaciones,  el  acero  no  ha  perdido  actualidad  y  sigue  sien 
do  el  material  por  excelencia,  debido  sobre  todo  a  su  versatilidad.  Prueba  de 
o’lo  es  el  aumento  notable  de  su  produccidn  en  todos  los  pafses  industriales  del 
y  tambidn  el  heeho  de  que  la  produceidn  per  capita,  de  esta  aleaeidn,  sea 
un  signo  del  standard  de  vida  de  un  pafs. 

Las  necesidades  de  las  distintas  industrial  han  heoho  que  Ins  fabricate." 
dc  sarrollaran  cientos  de  aleaciones,  distintas  entre  si",  y  tratanrio  en  todos  los  ca 
>os  de  utilizar  como  elementos  aleantes  aquellos  de  su  propia  proriui  ci6n  o  los 
C'.t.ranjeros  de  mds  bajo  precio. 

Durante  afios  la  composition  qufmica  ha  sido  Jo  determinante  en  la  desig¬ 
nation  de  los  aeeros.  Esa  composition  y  algunas  ( »e t  fsticas  mecdnicas  han 
:-ido  elementos  de  juicio  empleados  par  a  la  .election  de  uno  u  otro  aeero  para  de¬ 
terminada  pieza  o  elemento  de  mdquina. 

Los  progresos  de  la  Cieneia  de  los  M(  tab  s,  que  al  encontrar  nuevos  me- 
dios  dc  investigation  htcieron  de  la  Metalurgia  una  v<  •  d  ;dt  i  Cicr.eia,  han  dado 
elementos  que  permiten  determinar  quo  la  compost'  4i>rmtv.  de  un  acero  re- 
pio.senta  solamente  un  conjunto  de  posibilidarics;  put  s  !  ^  piopiedadcs  meedni- 
c  «>  s  del  acero  dependen  de  su  MJCROESTRUC  TURA. 


Para  lograr  tales  microestrueturas  serin  necesanos  tratamientos  tOrmi- 
a  Temptmaturas  definidas,  que  son  fijadas  por  la  composition  qufmica  del 
Ai  pucsto  que  die'hos  puntos  critieos  varfan  con  la  adiciOn  de  elemento  de 
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abaeidi  ocon  la  velocidad  de  enfriamiento.  Estos  progresos  han  modilicado  en 
los  *!itimos  anos  los  conceptos  sobre  forma  de  elecciOn  de  un  acero  de  construc- 
cidn  y  algunos  mdtodos  de  ensayo  como  los  de  TEMPLABILEDAD,  han  aprobado 
conceptos  e  ideas  que  permiten  la  utilizacidn  correcta  de  Aceros,  aplicando  para 
su  eleccidn  principios  Cientfficos  y  Tdcnicos,  que  permiten  seguridad  y  econo¬ 
mic  en  el  empleo  de  estos  materiales;  pues  debe  ser  lema  del  ingeniero;  "no  uti 
lizar  lo  MEJOR,  sino  lo  suficientemente  bueno". 

Los  aceros  han  alcanzado  tanto  desarrollo  e  importancia  en  la  industria 
oedema,  debido  sobre  todo  a  la  extraordinaria  gama  de  propiedades  que  con 
ellcs  puede  lograrse  mediante  cambios  de  ESTRUCTURAS.  Las  estructuras  me- 
tdlicas  dptimas  son  aquellas  cn  las  que  hay  precipitados  que  interfieren  los  pianos 
de  deslizamiento  en  los  granos  cristalinos,  con  lo  que  se  dificulta  el  movimiento 
de  las  dislocaciones,  que  son  causa  de  la  deformacidn  pldstica. 

Estas  estructuras  de  precipitados  en  el  seno  de  una  solucidn  sdlida,  se 
obtienen  en  los  aceros  por  el  tratamiento  de  Temple  y  Revenido.  De  ahf  que  estas 
micro-estructuras  scan  las  usadas  para  piezas  de  construccidn  de  ^ementos  im- 
portantes  y  de  alta  resistencia,  que  requieren  por  lo  tanto  ser  sometidas  a  Trata 
mientos  de  BONIFICACION  (Temple  y  Revenido). 

El  problema  de  obtener  una  estructura  de  Piecipitacidn  en  el  seno  de  una 
solucidn  sdlida,  encuentra,  en  el  caso  de  los  aceros,  un  inconveniente  consisten- 
te  en  que  en  toda  la  masa  de  la  pieza  templada  no  siempre  se  obtiene  dnicamente 
MARTENSITA;  que  es  la  estructura  que  luego  por  calentamiento  dard  precipita¬ 
dos.  Elio  es  debido  al  fendmeno  de  que  la  estructura  es  funcidn  de  la  velocidad 
de  enfriamiento  y  la  misma  varfe  desde  la  superficie  al  centro  de  una  pieza  o  ba- 
rra.  Por  lo  tanto  el  verdadero  temple  (Temple  Perfecto,  con  estructura  marten 
sltica)  solo  se  obtiene  hasta  una  cierta  profundidad,  a  partir  de  la  cual  habrd 
mezcla  de  estructuras  (Martensita  con  Bainita,  Perlita,  Ferrita). 

Las  investigaciones  realizadas  han  demostrado  que  la  profundidad  hasta 
donde  se  obtiene  el  Temple  perfecto  o  estructura  pura  de  Martensita  (Penetracidn 
de  Temple)  puede  mejorarse  con  el  agregado  de  elementos  aleantes,  cada  uno  de 
los  cuales  tiene  mayor  o  menor  poder  reforzador  de  esta  propiedad,  tan  caraete- 
rfstica  de  los  aceros,  que  se  denomina  TEMPLABILIDAD. 

Otro  factor  que  resulta  importante  para  esta  caracterfstica  es  el  "Tamano 
de  grano"  del  aeero,  que  influye  en  refacidn  directa;  es  decir  a  mayor  tamano  de 
grano,  la  templabilidad  aumenta. 

En  los  aceros  finos  o  aleados  los  problemas  de  templabilidad  adquieren  ma 
yor  significacidn,  puesto  que  con  ellos  se  logran  no  sdlo  las  estructuras  precipita- 
das  que  dan  las  mejores  caracterfsticas  mecdnicas,  sino  que  son  tambidn  los  que 
presentan  mejor  comportamiento  a  la  fatiga  y  las  mejores  propiedades  de  plastici- 
dad. 


XIV-  4  - 


Para  que  los  aceros  den  estruetura  de  martensita  pura  en  didmeti  os  mds 
o  menos  eievados  necesitardn  la  adicidn  de  grandes  cantidades  de  elementos  de 
aleacidn,  lo  que  encarecerd  el  producto  y  a  la  vez  traerd  consigo  otros  problemas 
relativos  a  peligros  de  agrietamiento  en  el  temple,  dificultades  de  forjado,  etc. 

Por  tal  causa  se  han  estudiado  las  influencias  que  sobre  las  caracterfstioas  meed 

nicj. s  tienen  las  estructuras  mixtas,  es  decii*  aquellas  en  las  que  el  temple  propor 
cion  a  estruetura  de  martensita  y  bainita  o  de  martensita  y  perlita  y/o  ferrita. 

Entre  esos  trabajos  merecen  destacarse  los  realizados  por  CALVO  RODES 
y  sus  colaboradoi  es  cuyos  resultados  indican  el  efecto  perjudicial  que  sobre  las 
caraoterfsticas  de  plasticidad  y  resistencia  ejerce  la  Perlita;  mientras  que  la 
preseneia  en  una  estruetura  bonificada  de  Bainita  hasta  un  50%,  siendo  el  resto 
martensita,  proporciona  caracterfsticas  similares  a  las  obtenidas  a  partir  de  es^ 
tructuras  con  el  100%  de  martensita  y  Revenidas  para  laimisma  dureza. 

Estos  trabajos  sirven  para  limitar  el  concepto  de  templabilidad  pues  se 
puede  aeeptar  no  obtener  en  toda  la  masa  de  la  pieza  MARTENSITA;  pero  sf  mez 
cla  de  martensita  y  bainita,  evitando  en  lo  posible  preseneia  de  Perlita  o  de  Ferrita. 
El  comportamiento  de  la  bainita  ldgicamente  es  parecido  al  de  la  martensita  reve- 

nida,  porque  se  asemejan  estructuralmente,  eosa  que  no  ocurre  con  la  perlita  y  la 
ferrita. 


En  este  trabajo  se  han  seleccionado  aceros  aleados  que  se  emplean  gene- 
ralmente  con  tratamiento  de  bonificacidn  y  son  los  que  se  suponen  pueden  cubrir 
satisfactoriamente  las  necesidades  de  la  Industria,  tanto  Aerondutica  como  Auto 
motora. 

Al  analizar  los  problemas  de  Templabilidad  solamente  se  consideran  los 
efectos  del  Temple  y  como  rara  vez  (solamente  en  los  aceros  de  cementacidn)  se 
utilizan  los  aceros  en  esas  condiciones,  se  ha  crefdode  interds  „  ..zar  experimen 
talmente  las  curvas  JOMINY  de  Revenidos  de  los  aceros  estudiados. 

Con  ello  se  pretende  hacer  ver  el  efecto  de  ablandamiento  que  tiene  tal 
tratamiento  y  sobre  todo  tener  idea  del  Rango  de  Difer  encia  que  hay  en  la  dureza 
de  la  superficie  y  del  centro  de  una  pieza,  cuando  se  somete  a  distintas  Tempera 
turas  de  Revenido. 


3.  PARAMETROS  DE  TEMPLABILIDAD 


La  importancia  de  las  propiedades  de  TEMPLABILIDAD  de  un  acero  han 
determinado  que  numerosos  investigadores  trataran  de  encontrar  medios  para  de 
finir  y  designar  numfiricamente  esa  propiedad. 

Innumerables  trabajos  sobre  el  tema  han  servido  para  asegurar  un  cmjit-o 
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mds  racional  de  las  aleacioncs  conocidas.  asf  corao  para  crear  nuevos  aceros  que 
respondan  a  fines  especiales  y  con  caracterfsticas  de  templabilidad  bien  definidas. 

De  todos  los  mGtodos  existentes  para  definir  esa  cualidad  de  los  aceros, 
se  adoptard  el  del  didmetro  crftico  y  se  considerardn  no  s61o  los  didmetros  crfti 
cos  ideales  de  los  aceros  estudiados  sino  tambidn  los  correspondientes  a  temples 
en  agua  (H  =  1, 0)  y  en  aceite  con  movimiento  moderado  (H  =  0, 5). 

Modernamente  se  determinan  los  didmetros  crfticos  ideales  para  cuatro 
conceptos  de  Templabilidad  que  son: 

a)  Templabilidad  Bainftica 

Se  pueden  considerar  dos  casos:  al  99%  y  al  50%  de  Martensita. 

En  el  primero  se  considera  que  se  obtiene  en  el  centro  de  la  barra  el  99% 
de  martensita  y  el  1%  restante  de  Bainita. 

En  el  segundo  que  se  obtiene  en  el  centro  de  la  barra  el  50%  de  martensita 
y  el  50%  de  bainita. 

b)  Templabilidad  Perlftica 


Tambidn  se  consideran  dos  casos:  al  99%  y  al  50%  de  Martensita. 

En  la  primera  se  considera  que  se  obtiene  en  el  centro  de  la  barra  el  99% 
de  martensita  y  el  1%  de  perlita  y  en  el  segundo  50%  de  martensita  y  50% 
de  perlita. 

Como  ya  se  expresb  anteriormente  la  presencia  de  perlita  o  de  ierrita  dis- 
minuye  nctablemente  las  caracterfsticas  mecdnicas,  de  fatiga  y  de  plasticidad  en 
los  aceros  bonificados,  siendo  dichas  propiedades  (para  la  misroa  dureza)  muy  su~ 
periores  si  se  parte  de  aceros  con  99%  de  martensita.  Se  ha  comprobado  tambiGn 
que  no  hay  mucha  diferencia  si  se  consideran  estructuras  con  50%  de  martensita  y 
50%  de  bainita.  Se  adopta  generalmente  como  representacibn  de  la  TEMPLABILI¬ 
DAD  de  un  acero  la  correspondiente  al  50%  de  Bainita. 

No  obstante  y  como  en  algunos  casos  la  Nariz  Perlftica  sobresale  mueho  de 
la  correspondiente  a  la  C  de  la  Bainita  en  la  Curva  TTT,  es  conveniente  conoc.:  el 
valor  de  la  Templabilidad  Perlftica.  que  puede  indicar  que  en  ciertos  casos  si  bion 
se  obtiene  el  50  de  Bainita,  en  el  resto  no  haya  Martensita  pura,  sine  Martensita  y 
Perlita. 

En  este  trabajo  para  la  determinaeibn  de  los  didmetros  crfticos  ideales  em- 
pleando  las  curvas  JOMINY,  de  CRAFTS  y  de  GROSSMAN  trabajamos  con  el  erite- 
rio  de  Templabilidad  Bainftica  al  50%,  pero  en  el  caso  de  los  Cdleulos  realizados 
en  base  a  la  composicibn  qufmica  y  del  tamano  de  grano  con  los  ”Calculadores  de 
Aceros”  (Calvo  Rodes),  se  han  operado  en  base  a  los  dos  conceptos  de  Templabi¬ 
lidad  y  se  han  considerado  los  casos  del  50%  y  del  99%  de  martensita  3n  el  ndcleo. 
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El  deseo  de  agotar  ios  medios  para  determinar  todas  las  propiedades  que 
afectan  la  templabilidad  de  los  aceros  estudiados  ban  hecho  considerar  tambi6n. 
por  creerlode  interds,  la  determinacidn  de  la  Temperatura  Ms  (Martensite  Staitj 
que  nos  indica  la  temperatura  donde  comienza  la  transformacidn  martensftica,  que 
os  un  ihdice  valioso  para  conocer  la  sensibilidad  a  las  GRIETAS,  que  presenta  im 
acero,  en  el  proceso  de  temple. 

En  efeeto  eu&ndo  esa  Temperatura  es  mds  alta,  el  gradiente  entre  la  tem¬ 
peratura  de  calentamiento  y  la  de  comienzo  de  la  transformacidn  martensftica  serd 
menor  y  ldgicamente  se  reducirdn  las  posibilidades  de  GRIETAS,  que  son  conse- 
cuencia  de  dos  fendmenos  antagdnicos  que  provocan  Tensiones  Residuales.  Esos 
fendmenos  son:  al  e.nfriarse  el  metal  se  CONTRAE,  pero  al  producirse  la  trans- 
formacidn  martensftica  hay  una  transformacidn  de  hierro  gamma  a  hierro  alfa, 
con  aumento  de  volumen:  DILATACION.  El  efeeto  de  estos  fendmenos  es  tanto 
menor,  cuanto  menor  sea  la  diferencia  entre  las  temperaturas  de  calentamiento 
para  el  Temple  y  la  Ms  y  sirve  como  elemento  importante  para  determinar  con 
ventajas  la  eleeeidn  entre  dos  aceros  de  la  misma  templabilidad.  Ldgicamente 
se  elegird  el  que  presente  un  valor  de  Ms  superior,  pues  el  acero  que  presente 
tal  propiedad  serd  menos  susceptible  al  agrietamiento  en  el  proceso  de  temple. 

Los  aceros  de  calidad  se  utilizan  en  estado  de  Temple  y  Revenido,  pues 
con  tales  tratamientos  es  posible  obtener  las  estrueturas  dptimas  de  precipitados 
en  una  matriz  de  solucidn  sdlida.  El  revenido  importa  un  ablandamiento  de  la  es^ 
tructura  martensftica  obtenida  por  temple. 

Ese  ablandamiento  si  bien  es  funcidn  de  la  temperatura  y  del  tiempo,  lo  es 
tambidn  de  los  elementos  que  componen  el  acero,  razdn  por  la  cual  algunos  inves- 
tigadores  han  tratado  de  encontrar  algfln  valor  o  pardmetro  que  indique  nun-diica- 
mente  las  propiedades  de  ablandarse  con  facilidad  o  dificultosamente  por  revenido. 

De  todos  los  conceptos  se  ha  preferido  en  estc  crabajo  adoptar  cl  criterio 
de  dureza  POTENCIAL.  que  permite  determinar  el  factor  de  ESTABILIDAD  DE  LA 
MARTS NSITA,  mediante  un  Ndmero  de  Dureza  Rockwell,  que  expresa  la  dureza 
real  de  la  martensita  pura  de  temple  del  acero  considerado,  incrementadoo  en  un 
valor  que  corresponde  a  la  estabilidad  de  esa  martensita.  Este  es  ldgicamente  un 
valor  imaginario,  pero  a  partir  ael  cual  puede  obtener  se  la  dureza  que  se  obtendrd 
con  un  revenido  deierminado,  en  base  a  coeficientes  empfricos  calculados  por 
KOLLOMON  y  JAFFE,  y  que  CALVO  RODES  los  ha  utilizado  cn  sus  "Cdbuladores 
de  Aceros”  en  base  a  lo  cual  se  han  obtenido  los  valores  de  los  aceros  estudiados, 
que  son  coincidente  con  los  calculados  con  los  Coeficientes  de  HOLLOMON  y 
JAFFE. 

Las  caracterfsticas  suscintamenie  mencionadas  servirdn  iso  solamente  pa¬ 
ra  dot'inir  perfectamente  un  acero  y  facilitar  su  adopcidn  para  una  pieza  o  elemen¬ 
to  deierminado,  sino  que  el  con  junto  de  propiedades  permitirdn  aplicar  conceptos 
de  eqv.i Valencia  que  facilitaidn  el  reemplazo  de  un  acero  por  ot.ro  que  presente  ca 
racier  f st teas  similares  de  Templabilidad,  y  con  el  que  sea  factible  conseguir  -luego 
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del  revemdo  a  temperaturas  no  enfragilizadoras-  las  caracterfsticas  mee.'lnicas 
de  fatiga  y  de  plasticidad  reaueridas. 


4.  ACEROS  EMPLEADOS 


Para  la  parte  experimental  de  este  estudio  se  han  seleceionado  ocho  cate- 
gorfas  de  los  aceros  de  construccidn  mis  usados  en  la  Industria  Aeronlutiea  y  en 
la  Automotora. 

Se  ha  preferido  emplear  aceros  de  porcentajes  de  carbono  similares  com- 
prendidos  entre  0, 30  y  0, 40%,  para  poder  comparar  mejor  las  caracterfsticas  de 
uno  y  otro,  pues  los  conceptos  modernos  de  equivalencia  de  aceros  parten  de  la 
base  que  tengan  porcentajes  de  carbono  similares. 

Se  ha  tratado  de  seleccionar  para  estos  ensayos  aceros  de  distintas  templa 
bilidades  tendientes  a  que,  por  lo  menos  en  DINFIA,  se  tipifiquen  y  se  empleen  so 
lamente  los  aceros  estudiados,  para  lograr  una  racionalizacidn  y  consiguientemen 
te  una  economfla  en  la  produecifln. 

Se  incluyen  aceros  de  baja  aleaciOn,  de  media  y  alta  aleacidn. 

Tambidn  se  ha  consider  ado  im  acerc  (8140)  que  se  usa  para  nitruracidn. 

Se  lo  ha  estudiado  con  este  grupo  por  ser  frecuentemente  empleado  en  la  industria 
aeronlutica  y  utilizarse  al  estado  de  temple  y  revenido,  procesos  que  se  realizan 
antes  de  la  nitruracidn. 

No  se  han  inclufdo  los  aceros  de  cementacidn,  que  serin  objeto  de  otro  in¬ 
forme,  por  considerar  que  son  materiales  de  uso  muy  especial  y  que  se  emplean 
normalmente  sin  tratamiento  de  revenido,  o  con  revenido  a  bajas  temperaturas. 

Los  aceros  estudiados  han  sido  los  siguientes:  IA  Ak  3140  (SAE  3140); 

IA  Ak  3335  (SAE  3335);  IA  Ak  4037  (SAE  4037);  IA  Ak  4130  (SAE  4130);  IA  Ak  4140 
(SAE  4140);  IA  Ak  4340  (SAE  4340);  IA  Ak  8140  (SAE  Nitralloy);  IA  Ak  8640  (SAE 
8640). 


Las  composiciones  qufmicas  de  estos  aceros  se  indican  en  la  Tabla  I.  Los 
anllisis  quftnicos  han  sido  realizados  por  vfe.  espectrogrlfica  para  ia  parte  cuantt 
tativa. 


Todas  las  probetas  se  han  obtenido  de  la  misma  barra. 

Estos  ensayos  no  abarcan  toda  la  gama  de  composiciones  que  perraite  cada 
categorftt  de  acero,  pero  se  considera  que  como  las  curvas  JOMINY  de  cada  uno  de 
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ellos  esta.  uentro  de  ia  banda  rebpectiva  de  las  especificaciones  corrientes,  estos 
ensayos  representan  las  caracterfsticas  medias  o  probables  de  aceros  que  -'cspor; 
dan  a  la  categoric  estudiada.  Ademds  los  errores  propios  do  Ws  ov*  "••iencias  v 
de  las  determinaciones  de  los  di£metros  crfticos,  temperatura  Ms.  Dureza  Hp, 
asf  corao  las  durezas  luego  del  revenido,  no  justifican  realizar  mayor  ndrrn  •  o  de 
ensayos  para  obtener  las  caracterfsticas  de  estos  aceros. 


EXPERIENCES  REAL! ZADAS 


La  paite  experimental  de  este  trabajo  ha  consistido  en  la  realizacibn  de  en 
sayos  Jominy  de  ocho  probetas  de  cada  t  ipo  de  acero. 

Esos  ensayos  se  realizaron  a  las  temperaturas  y  tiempos  indicados  en  la 

tabla  n. 

Todos  los  tratamientos  tbrmieos  fueron  realizados  en  hornos  con  atmbst'era 
controlada  (Hornos  Leeds  y  Northrup  -  Atmbsfera  a  base  de  VAPOCARB). 

Las  probetas  fueron  previamente  normali  zadas  y  se  estudib  la.  estructura 
microgrdfica  para  comprobar  la  bond  ad  del  tratarniento.  Luego  se  hizo  el  temple 
de  acuerdo  al  mbtodo  JOMINY,  Una  de  las  prebetas  fue  preparada  para  tomar  las 
durezas,  a  lo  largo  de  una  generatriz,  en  ese  estado  de  temple.  Las  siete  restan 
tes  fueron  revenidas  a  diferentes  temperaturas  antes  de  tomar  las  durezas.  Los 
revenidos  se  hicieron  durante  una  hora  en  todos  los  easos  y  las  temperaturas  utily 
zadas  fueron  las  siguientes;  350°;  400°;  4500;  500°;  5500;  600°  y  650°. 

El  acero  IA  Ak  3335  fue  revenido  durante  tres  horas  a  las  distintas  tempo 
raturas  y  los  valores  de  dureza  obtenidos  no  presentan  diferencias  con  los  obteni- 
dos  para  una  hora  de  revenido. 

Luego  de  los  tratamientos  tbrmicos  se  i.e  ter  mind  en  las  probetas  templadas 
o  bien  en  la  de  revenidas  a  350OC  el  tamafio  de  grano.  Para  ello  se  utilizb  el  re¬ 
active  de  Mme.  Bechd  (Jfcido  pfcrico  y  teepol)  aplicado  en  caliente.  Los  valores  de 
lo^  tamanos  de  grano  segdn  la  NORMA  ASTM,  se  consignan  en  la  TABLA  n. 
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6.  RESULTADOS  OBTKNIDOS 


a)  Trazado  de  las  curyas  JOMINY 

En  este  trabajo  solo  se  consignan  las  curvas  JOMINY  correspon- 
dientes  a  la  probeta  templada  y  a  las  revenidas  a  3500,  450°,  550°  y  650°. 

No  se  ban  ineluftlo  las  corrcspondientes  a  las  otras  temperaturas  de  reve- 
nido  que  tambiCn  se  trazai  on,  para  mayor  claridad  de  los  grSficos  y  por 
ser  Cstas  temperaturas  las  que  ce  utilizan  en  los  "Calculadores  de  Aeeros" 
con  los  que  se  han  verificado  las  curvas  obtenidas. 

Si  bifcn  los  valores  de  dure^as,  en  los  ensayos  efectuados,  se  han 
tornado  cada  1, 5  mm,  para  el  trazado  de  las  curvas  se  han  considerado  so 
lamente  los  valores  correspondicntes  a  las  siguientea  distancias  de  la  ba¬ 
se  de  la  probeta:  3,  6,  9,  12,  18,  24,  30,  36  y  42  mm. 

Las  cuivas  de  referenda  para  cada  tipo  de  acero  se  indican  en  las 
figuras  1,  2,  3,  4,  5,  6,  7  y  8. 

En  general  puede  observarse  que  para  los  aeeros  que  tienen  cerca 
de  0,40%  de  carbono  la  dureza  en  la  base  y  zenas  cercanas  es  muy  similar, 
mientras  que  en  el  acero  4130  csos  valores  son  menores.  Elio  comprueba 
que  la  dureza  superficial  de  temple  depende  casi  exclusivamente  del  porcen 
taje  de  carbono. 

Se  debe  destacar  que  en  los  aeeros  de  baja  aleaciCn  (4037  y  8640)  las 
curvas  JOMINY  caen  en  seguida,  inientras  que  en  los  de  alta  aleaciCn  (3335 
y  4340)  que  son  de  alta  TEMPLABILEDAD,  las  curvas  JOMINY  tienden  a  la 
horizontalidad,  lo  que  se  manifiesta  nftidamente  en  las  curvas  de  REVENIDO, 
que  son  prficticamente  horizontalcs.  Los  aeeros  restantes  (4130,  4140,  3140 
y  8140)  que  son  de  media  aleaciCn  y  dc  media  templabilidad  se  comportan  co 
mo  intermedios  entre  los  otroc  dos  grupos  y  las  curvas  no  caen  tan  brusca- 
mente  y  no  tienden  a  mantenerse  horizon  tales. 

En  todc  5  los  aeeros  se  nota  la  influencia  benCfica  del  revenido  en  el 
problema  de  suavizar  las  diferencias  entre  los  valores  del  e  xtremo  de  la 
probeta  Jominy  y  los  mds  alejados,  que  lCgicamente  corresponde  a  las  di¬ 
ferencias  entre  la  superficie  y  el  interior  de  una  barra  o  de  una  pieza  de  tm 
espesor  determinado. 

Ese  efecto  suavizante  es  mis  marcado  en  los  aeeros  de  alta  aleaciCn 
asf  como  en  los  revenidos  a  roSs  altas  temperaturas. 

Se  deduce  por  lo  tanto  que  conviene  REVENIR  los  aeeros  siempre  a 
temperaturas  elevadas,  pues  esas  temperaturas  facilitardn  la  obtenciCn  de 
estructuras  homogCneas  en  toda  la  masa  del  acero. 
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b)  Pet e r  m i n a c  i 6 n  d e  didmctros  c r  ft  i c o s 

1.  En  base  a  ias  curvas;  JOMINY,  de  GRAFTS  y  do  GROSSMANN 

En  base  a  las  curvas  Jominy  sir>  revenido  corrcspondit  nte  a  l<>s  <li, 
tintos  aceros  ensnyados  y  utilizando  las  Curvas  do  GRAl-TS  y  de 
GROSSMANN  de  las  figuras  9,  10,  11  y  12,  se  han  determinado  !<>.- 
didmetros  crlticos  ideales  y  para  temple  en  agua  y  en  aceitc.  «.  . 
valores  se  incican  en  la  TABI-A  III. 

Para  la  dete^minaciGn  del  didmetro  crftico  se  procede  de  i.t  sigtu<  n 
te  manera:  En  la  curva  de  la  figura  9  se  entra  con  cl  porcentajc  .! 
carbono  del  acero  estudiado,  se  levanta  una  ordenada  y  dondo  e<>rt;< 
la  curva  del  50%  de  martensita  se  tiene  la  dureza  Rc  quo  tended  un 
acero  con  ese  porcentaje  de  carbono,  cuando  tenga  el  50%  de  mai 
tensita.  Se  entra  con  ese  valor  a  la  Curva  JOMINY  y  se  tiene  la  dis 
tancia  (dj)  en  la  cual  existe  un  50%  de  martensita.  Con  esa  di.stan 
cia  se  entra  en  la  curva  de  la  figura  10  (GRAFTS)  y  se  tiene  el  did 
metro  crftico  ideal,  valor  con  el  cual  en  las  curvas  de  las  figuras 
11  y  12  (GROSSMANN)  cs  posible  hallar  el  didmetro  crftico  para 
cualquier  severidad  de  temple.  Se  han  determinado  para  H  »  1 . 0 
(agua)y  H  =  0,5  (aceite  con  movimientos  moderados).  El  ejemph. 
en  este  trabajo  se  ha  realizado  con  el  acero  3140. 

2.  En  base  a  la  composicidn  qufmica  y  tamaho  de  grano  (Con  "Calc  u 
ladores  de  Aceros") 

Para  estas  determinaciones  se  han  empleado  lus  "Calculadores  di 
Aceros"  de  Calvo  Rodes;  los  valores  obtenidos  han  sido  para  la 
templabilidad  al  50%  y  al  99%  de  martensita  habidndose  determine  - 
do  las  templabilidades  bainfticas  y  perlfticas. 

En  todos  los  casos  para  eliminar  en  lo  posible  los  ei  lores  persona 
les  se  han  hecho  las  determinaciones  por  cuadruplicado. 

Los  valores  obtenidos  se  consignan  en  la  TABLA  III. 

Si  bien  se  han  obtenido  los  valores  de  templabilidad  bain  fin -a  v  per 
lftica  para  el  50%  y  el  99%  de  martensita,  se  admite  normal monte 
un  50%  con  martensita  y  el  resto  bainita  sin  nada  de  perlita  •  ■■ i  !>■■ 
Se  ha  considerado  como  templabilidad  al  99%  de  maxtensita  (D  .  >i 
el  menor  de  los  valores  obtenidos. 

En  cuanto  a  la  Templabilidad  a  50%  de  martensita  (Dim  50  )  pue«l<. . 
ocurrir  cuatro  casos  y  en  ellos  el  valor  de  la  templabilidad  al  3 o' 
se  determina  de  la  siguiente  forma: 

Si  Dib  50  es  menor  que  Dip  99,  el  didmctro  crftico  al  50%  sc-i-ri  Dll'!  .c 
En  estos  casos  el  50%  restante  serd  de  kunita. 

Ejemplos:  Aceros:  4130  -  41 40  -  4037  -  8G40  -  8140  y  1310. 

Si  Dip  50  es  menor  a  Dip  99,  el  didmetro  crftico  al  5u%  dc  m.u-»'  n 
sita  serd:  Dip  50. 

El  50%  restante  es  perlita. 
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En  ninguno  de  los  aceros  ensayados  se  presentO  este  caso.  Si  Dib  99 
es  menor  que  Dip  99  y  dsla  menor  que  Dib  50,  el  didmetro  crftico 
ideal  para  el  50%  de  marten sita  se  obtiene  aproximadamente  por  la 
siguiente  formula; 


A  Dp 

Dim  50  =  Dip  99  + - - 


(Apb  -  Ap  99) 
A  Db  +  A  Dp 


Siendo;  A  Dp  =  Dip  50  -  Dip  99 

A  Db  =  Dib  50  -  Dib  99 
A  D99=  Dip  99  -  Dib  99 

Ejemplos:  Aceros  3140  y  3335 

El  50%  restante  es  una  mezcla  de  bainita  y  perlita.  Si  Dip  99  es  me 
nor  que  Dib  99  y  dste  menor  que  Dip  50,  el  didmetro  crftico  ideal 
para  el  50%  de  martensita  se  calcula  por  la  siguiente  formula; 


Dim  50  =  Dib  99  +  ADb  (ft  Dp  ~ 

A  Db  +  A  Dp 

Los  sfmbolos  tienen  el  mismo  significado  que  en  el  caso  anterior. 

El  50%  restante  sera  una  mezcla  de  Perlita  y  Bainita. 

Ejemplos;  Ningdn  acero  de  los  estudiados  estuvo  comprendido  en 
este  caso. 

Los  didmetros  crfticos  para  severidades  de  temple;  H  =  1 , 0  y  H  =  0, 5 
con  espondientes  a  agua  y  aceite  en  movimiento  moderado  respecti 
vamcnte,  se  han  obtenido  asimismo  con  los  "Calculadores  de  Ace¬ 
ros". 

3.  M0 tod o  Mixto 


TambiOn  se  han  obtenido  los  didmetros  crfticos  ideales  por  un  md- 
todo  mixto  entre  ios  dos  citados.  Para  ello  se  obtuvo  en  las  Curvas 
Jominy  la  distancia  a  la  cual  hay  50%  de  martensita  (valor  que  tam 
biOn  es  un  lhdice  de  la  templabilidad)  y  con  esa  distancia  es  posible 
obtencr  en  el  "calcuJador"  el  valor  del  didmetro  crftico  ideal  al  50% 
de  martensita  y  consecuentemente  los  corr espondientes  a  cualquier 
severidad  de  temple.  Los  valores  se  consignan  en  TABLA  in.' 


c)  Deter minac i6n  de  las  temperaturas  Ms  y  Mf 

Los  valores  de  la  temperatura  Ms  se  han  determinado  por  dos  mdto 
dos;  En  base  al  cdlculo  aplicando  la  formula;  Ms  =  550  -  K 
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Siendo  K  =  (3500  x  %  C 


400 


V  OJ 

A  /0  At  Hi 


50° 


Of 

/o 


si  f 


r(\  ..  n/ 

I  °  A  70 


XT4 
IN  1 


1  AA 

J  U~ 


..  ft/  •*  *  -  v 

a  /o  mu) 


Tambidn  se  han  determinado  por  los  "calculadores"  y  los  valores 
obtenidos  han  sido  muy  semejantes  a  los  logrados  por  el  otro  mdtodo. 

Los  valores  de  Mf  se  han  calculado  por  la  siguiente  formula; 

Mf  =»  Ms  -  1 ,  55  K 

Todos  estos  valores  se  consignan  en  la  TABLA  IV. 


d )  Cdlculo  de  la  Dureza  Pote n ci a  1 

Los  valores  de  la  dureza  potencial  se  han  obtenido  tambidn  por 
’'Cdlculo  con  la  formula; 

Hp  =  84  +  4  x  %  Mm  +  4x%Si+5x%Cr  +  lx%Ni  +  20x%Mo 

£4:  Valor  correspondiente  a  porcentaje  de  Carbono  entre  0, 35  y  0, 40  % 

Con  los  "calculadores"  se  han  obtenido  valores  coincidentes. 

Con  este  dltimo  procedimiento  es  posible  calcular  esa  dureza  poten 
cial  para  revenidos  de  350®,  450°  o  65(K>,  teniendo  en  cuenta  los  valores 
que  inerementan  los  precipitados  de  cromo  y  molibdeno  a  esas  tempera- 
turas. 


Los  valores  mencionados  se  consignan  en  la  TABLA  IV. 


4. 


e )  Durezas  a  obtener  despuds  del  re ve ni do 

Este  problema  es  de  fundamental  impcrtancia  y  los  valores  obteni¬ 
dos  son  de  gran  utilidad,  porque  demuest.ran  fehacientemente  la  necesidad 
del  trazado  de  las  curvas  de  revenido  de  las  probetas  Jominy,  pues  nos  in 
dican  el  gradiente  de  dureza  entre  la  superficie  de  una  barra  y  el  centre  de 
la  misma.  para  un  didmetro  dado,  que  puede  ser  el  crftico,  en  un  medio  de 
enfriamiento  dado  (representado  en  las  Figs.  1  a  8  por  una  lihea  de  puntos). 
Es  la  distancia  Jominy  al  50%  de  martensita  y  que  puede  asimilarse  al  Did- 
metro  Crftico  Ideal  al  50%  de  martensita. 

Los  valores  obtenidos  con  los  "Calculadores  de  Aceros"  son  simila 
res  a  loS  de  las  curvas,  pero  de  esta  dltima  sacamos  los  valores  mdximos 
y  mfhimos  de  dureza,  que  puede  ser  Jhdice  elocuente  para  decidir  la  elec- 
cidn  de  un  acero,  con  ciertos  revenidos,  de  acuerdo  al  margen  de  exactitud 
en  la  dureza  que  nosotros  exijamos  segdn  la  calidad  o  importancia  de  la  pie- 
za  a  construir. 


Twrspzrr-m*?. 
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7.  CONCLUSIONES 


Las  caracterfsticas  Generales  de  los  ocho  aceros  estudiados  se  han  resu- 
mido  en  la  TABLA  IV. 

En  las  tres  prixneras  coluxnnas  se  han  indieado  los  tratamientos  tdrmicos 
de  los  citados  aceros  consigndndose  las  temperaturas  de  calentamiento  para:  NOR- 
MALIZADO,  TEMTLE  y  REVENIDO. 

En  las  siguientes  se  han  indieado  los  PARAMETROS  DE  TEB  TP  LABI  LID  AD, 
es  deeir:  los  Didmetros  Crfticos  (Ideal  y  para  Severidades  de  Temple  H  a  0,5  y 
H  =  1,0),  Temperatura  Ms,  Mf  y  Valores  de  Dureza  Potencial. 

Para  los  Didmetros  Crfticos  se  han  considerado  los  valores  caleulados  con 
los  "Caiculadores  de  Acero"  para  el  caso  de  Templabilidad  al  99%  de  Martensita. 

Los  Didmetros  Ci  fticos  ideales  para  Templabilidad  al  50%  de  Martensita,  son  el 
promedio  aritmdticode  los  tres  valores  obtenidos  por  diferentes  mdtodos  y  que  se 
cci.signan  en  TABLA  in. 

De  igual  manera  se  ha  procedido  para  los  valores  de  los  Didmetros  Crfti¬ 
cos  al  50%  de  martensita  correspondientes  a  Temples  en  agua  en  calma  (H  =  1,0) 
y  aecite  con  movimientos  moderados  (H  =  0,5). 

Las  temperaturas  Ms  y  Mf  son  tarnbifin  promedios  de  los  caleulados  por  las 
formulas  ya  citadas  y  de  los  obtenidos  con  los  "calculadores”,  que  es  de  destacar 
fueron  los  mismos  prdcticamente. 

En  el  caso  de  las  durezas  potenciaies  se  indican  los  valores  obtenidos  por 
los  "caiculadores”  y  se  eonsideran  valores  para  distintos  revenidos,  teniendo  en 
cuenta  las  acciones  endurecedoras  de  los  precipitados  de  Carburos  de  Cromo  y 
Molibdeno. 

En  la  parte  final  de  la  planilla  se  han  indieado  las  caracterfsticas  de  estos 
aceros  despuds  de  los  revenidos  a  distintas  temperaturas,  Para  cada  temperatura 
se  han  indieado  los  valores  de  Dureza  Rockwell  y  su  equivalente  de  resistencia  a  la 
traccita  por  los  "Caiculadores  de  Acuros".  Ademds  se  mencionan  los  valores 
mdximos  y  mfhimos  de  dureza  que  se  obtuvieron  de  las  Curvas  de  las  Probetas 
JOMINY  de  las  Figuras  1  a  8. 

Como  se  observa  de  los  valores  obtenidos  experimentalmente  son  muy  si- 
milares  a  los  caleulados,  la  dnica  diferencia  es  que  en  los  dltimos  tenemos  los  va 
lores  promedios,  mientras  que  de  las  curvas  se  han  obtenido  los  gradientes  de  du¬ 
reza,  desde  la  superficie  al  centro  de  la  pieza  o  barra  considerada. 

Para  tal  fin  se  consider  a  eomo  centro  de  la  barra  la  distancia  JOMINY  (tarn 
bidn  es  fhdice  de  templabilidad),  con  la  que  se  ha  calculado  el  didmetro  ciftico  ideal. 
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Es  de  destacar  que  tambifin  se  han  empleado  los  "Calculadores  de  Aceros" 
par  a  la  determination  de  las  Curvas  JOMINY  y  las  de  REVENIDO,  y  los  valores 
son  muv  simi lares  a  los  obtenidos  experimentalmente.  No  se  han  trazado  esas 
curvas  para  no  hacer  mas  complejas  las  figuras  1  a  8,  y  sob  re  todo  por  ser  los 
valores  muy  similares  a  los  de  las  curvas  experimentales,  salvo  el  caso  de  los 
ac(  4340  y  3335,  que  son  los  de  mas  templabilidad  y  donde  parecaera  que  los 
ci  -»res  de  los  "calcuiadores"  se  aorecientan. 

La  comparaeidn  de  los  valoies  obtenidos  experimentalmente  con  los  ealcu 
lados  indican  por  la  similitud  de  resultados,  que  pueden  utilizarse  los  "Calculado 
ics  de  Aceros*'  para  la  determination  de  las  caracterfsticas  de  templabilidad  de 
aceros  de  construction.  En  gener  al  solo  se  puede  reprochar  a  dichos  "calculado 
res"  el  hecho  de  que  al  aumentar  la  templabilidad  del  acero  los  valores  se  alejan 
m2s  de  los  obtenidos  experimentalmente. 

Pero  para  conocer  las  caracterfsticas  de  los  aceros  normalmente  usados 
en  industrias  aeron£uticas  y  automotoras,  los  mismos  pueden  ser  de  gran  utili— 
dad  y  permiten  conseguir  esos  valores  con  relativa  facilidad  y  rapidez. 

El  anSlisis  de  los  valores  obtenidos  permits  ordenar  los  aceros  ensayados, 
por  sus  caracterfsticas  de  templabilidad,  en  la  siguiente  forma; 


- 

Acero  IA  4037 

Templabilidad  para 

H  =  0, 5  de 

o. 

00  mm  a  15  mm 

- 

Acero  IA  4130 

If 

** 

ft 

15 

mm  a  30  mm 

- 

Acero  IA  8640 

IT 

ft 

ft 

15 

mm  a  30  mm 

- 

Acero  IA  41 40 

If 

ft 

ft 

15 

mm  a  30  mm 

- 

Acero  IA  3140 

It 

ft 

tf 

30 

mm  a  45  mm 

- 

Acero  IA  8140 

It 

If 

ff 

45 

mm  a  55  mm 

- 

Acero  IA  4340 

If 

It* 

ft 

75 

mm  a  100  mm 

- 

Acero  IA  3335 

11 

ft 

11 

75 

mm  a  100  mm 

Este  orden  se  hace  para  los  valores  de  temple  en  aceite  con  movimiento 
moderado  (H  =  0,5),  pero  el  mismo  orden  se  obtiene  para  temple  en  agua  en  cal- 
ma  (H  =  1,0). 

Si  se  observan  las  caracterfsticas  de  templabilidad  en  aceite  de  los  a<  :-ros 
estudiados,  que  son  los  de  mils  empleo  en  DINFIA,  se  deduce  que  no  satisface/ 
plcnamente  las  necesidades  de  aceros,  para  piezas  de  diiimetros  o  espesores  e<;  • 
valcntes,  comprendidos  entre  0  y  100  mm. 

En  efecto,  en  la  lista  seleccionada  se  observa  que  hay  tres  aceros  que  tic 
nen  templabilidados  similares;  4130,  8640  y  4140,  que  pueden  emplearse  eorrec 
tamente  en  diiimetros  comprendidos  entre  15  y  30  mm,  TambiOn  entre  75  y  100  mm 
hay  dos  aceros  que  cumplen  satisfactoriamente  las  condiciones  de  templabilidad  en 
a. cite;  el  4340  y  3335.  Por  otra  parte,  es  de  destacar  que  ninguno  de  los  aceros 
estudiados  cubic  los  requerimientos  de  los  diiimetros  comprendidos  entre  45  y  75  rn, 
pwes  el  aceio  8140  si  bien  tiene  templabilidad  tal  que  puede  emplearse  para  piezas 


mi 


C  *■ 
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entre  45  y  55  mm,  es  un  acero  especial  para  piezas  nitruradas  y  su  alto  porcenta 
je  de  aluminic  lo  haee  un  material  oncroso,  que  no  puede  usarse  en  eonstrucciones 
comunes. 

Lo  breve mente  resenado  indica  que  paraiograr  seleccionar  un  grupo  de  ace 
i  os  aleados,  que  satisfagan  los  z'equerimientos  hasta  1 00  mm  de  di&metro  o  de  es- 
pesor  equivalente,  serl  menester  eliminar  de  los  aeeros  estudiados  los  siguientes: 

-  IA  3335,  que  tiene  templabilidad  equivalente  al  IA  4340,  igual  sensibik- 

dad  al  agrietamiento  en  el  temple  (temperaturas  Ms  similares),  y 
semejante  comportamiento  luego  de  los  revenidos,  en  lo  que  se  re 
fiere  a  diferencias  de  durezas  entre  la  superficie  y  el  centro  de  la 
pieza  o  barra  considerada.  Por  otra  parte,  este  tlpo  de  acero, 
muy  empleado  en  los  anos  pasados  en  la  industria  aerondutica,  no 
se  utiliza  casi  en  la  actualidad,  tanto  que  ya  no  figura  en  las  Normas 
SAE  1963.  y  en  todos  los  casos  es  reemplazado  por  aeeros  de  tipo 
Cromo-Niquel-Molibdeno. 

-  IA  8140,  por  las  razones  ya  expuestas  de  ser  muy  oneroso  y  de  utilizacidn 

muy  especial  para  piezas  que  ^eban  ser  nitruradas  y  en  las  que  se 
desea  obtener  durezas  superfieiales  muy  altas.  En  efecto,  moder- 
namente  se  aconseja  utilizar  otros  aeeros  como  el  IA  4140  y  el  IA 
4340  para  piezas  nitruradas  en  las  que  se  quiera  obtener  durezas 
hasta  el  orden  de  HV:  600. 

-  IA  4140,  por  ser  equivalente  al  IA  8640,  en  lo  que  se  refiere  a  templabi¬ 

lidad,  siendo  el  IA  8640  un  acero  m£s  moderno  y  que  como  se  obser 
va  en  los  valores  de  la  Tabla  IV,  tiene  mejor  comportamiento  luego 
de  los  revenidos.  Esto  se  manifiesta  en  las  menores  diferencias  de 
dureza  entre  superficie  y  ndcleo,  todo  lo  cual  indica  mayor  homoge- 
neidad  de  su  estructura  debido  probablemente  al  contenido  de  Nfquel. 

No  se  elimina  el  acero  IA  4130  a  pesar  de  tener  campo  de  accidn  similar  al 
8640,  por  ser  ese  acero  empleado  normalmente  en  estado  NORMALI3ADO,  y  por 
utilizarse  para  piezas  que  van  soldadas,  para  lo  cual  es  un  material  que  presenta 
Optimas  condiciones. 

Por  otra  parte,  y  para  completar  los  aeeros  que  se  necesitan  para  piezas 
hasta  100  mm,  que  deban  ser  templadas  en  aceite,  con  movimiento  moderado,  se 
rd  menester  ccnsiderar  por  lo  menos  otros  dos  aeeros  especiales  o  aleados,  cu- 
yas  templabilidades  cubran  las  necesidades  entre  45  y  75  mm. 

Se  podrd  seleccionar  un  tipo  para  templabilidad  entre  45  y  60  mm,  y  otro 
para  60  a  75  mm.  Estos  materiales  deben  elegirse  entre  los  aeeros  mas  moder- 
nos,  en  io  posible  de  los  del  grupo  Cromo-Niquel-Molibdeno. 

En  resumen,  con  siete  categories  de  aeeros  pueden  cubrirse  fdcilmente 


XIV-  16  - 


las  necesidades  de  piezas  que  requieran  aceros  especiales  con  tratamientos  de  bo 
nificacidn  y  que  pueden  ser  los  siguientes;  IA  403?  (0  a  15  mm  de  didmetro); 

IA  4130  (15  a  30  mm  para  piezas  de  calidad  que  requieran  ser  soldadas  y  luego 
norma] izadas);  IA  Ak  8640  (15  a  30  mm);  IA  3140  (30  a  45  mm);  IA  Xxxx  (45  a 
60  mm);  IA  Xxxx  (60  a  75  mm)  y  IA  4340  (75  a  100  mm). 

Por  supuesto  habr!  que  seleccionar  los  aceros  para  los  dilmetros  de  45  a 
75  mm  y  determinar  todas  sus  caracterfsticas  mec!nicas  y  par!metros  de  templa 
bilidad. 


Los  resultados  obtenidos  en  este  trabajo  indican  claramente  la  importancia 
que  tiene  el  estudio  exhaustivo  de  las  caracterfsticas  de  estos  materiales,  de  tan- 
ta  importancia  en  la  industria  moderna,  y  ponen  de  manifiesto  la  necesidad  de  TI- 
PIFICAH  las  aleaciones  que  NORMALMENTE  'se  emplean  en  la  industria,  todo  lo 
cual  tender!  lflgicamente  a  una  ra  jionalizacibn  en  el  empleo  de  los  aceros  de  cons¬ 
truction,  lo  que  en  Ultima  instancia  significa  en  todos  los  casos  ECONOMIA. 

Es  necesario  aclarar  que  al  establecer  una  serie  de  aceros  como  TIPICOS 
ello  no  significa  que  obligatoriamente  deben  elegirse  ellos  para  todos  los  trabajos 
y  que  no  pueden  utilizarse  otras  categories  de  las  que  se  tenga  existencia. 

Muy  por  el  contrario  esta  serie  debe  servir  para  las  nuevas  adquisiciones 
de  una  Empresa  (DINFIA,  por  ejemplo),  pero  eso  no  significa  que  no  puedan  em- 
plearse  los  aceros  que  est!n  en  sus  depdsitos,  sino  que  se  los  debe  utilizar  previo 
estudio  de  sus  pardrnetros  de  templabilidad  y  previo  andlisis  de  sus  equivalencias 
con  la  serie  TEPIFICADA.' 

Los  motivos  que  impulsaron  la  realizacibn  de  este  trabajo  se  han  visto  am 
pliamente  satisf echos  con  los  resultados  obtenidos,  que  se  cree  son  convincentes 
y  solo  se  pretende  que  Jos  valores  compilados,  principal  objetivo  del  trabajo,  sir 
van  para  que  los  profesionaies,  tecnicos  e  industriales  del  pafs  adquieran  clara 
concicncia  de  la  importancia  que  tiene  el  conocimiento  de  las  Caracterfsticas  y 
Pardmetros  de  Templabilidad  de  los  aceros,  para  su  correcta  eleccidn  y  aplica 
ci6n. 


■r  : 
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TAB LA  1 

CQMPOSICION  QUIM1CA  DE  ACEHOS  ESTUDIADOS 


De&ignaoOn 

C 

Mn 

Si 

P 

S 

Cr 

Ni 

Mo 

A1 

OBSERV. 

I,  A. 

*  S.  A.  E. 
1 

% 

% 

% 

(' 

% 

— 

% 

% 

% 

% 

a' 

3140 

0,40 

0,70 

0,  20 

0.016 

0,010 

0,70 

1.44 

- 

- 

3335 

0,37 

m 

0.008 

1,10 

3,30 

- 

- 

4037 

4037 

0,  38 

0,75 

m 

HI 

0,040 

0,13 

0,15 

0,21 

— 

4130 

4130 

0,  30 

0,48 

0,10 

0,010 

0,010 

0,90 

- 

0,20 

- 

4140 

4140 

0,37 

0,41 

0,07 

0.044 

0,015 

0,96 

0, 13 

0, 15 

- 

4340 

4340 

0,37 

0,56 

0,  36 

0,032 

0,027 

1,07 

2,25 

0,24 

- 

8140 

iiH 

0,40 

0,42 

0,12 

0,  035 

0,010 

1,57 

0,09 

0,33 

1,02 

8640 

8640 

0,37 

0,  71 

0,  10 

0,  008 

0,62 

0,48 

0,20 

- 

XIV-  20  - 


TABLA  II 

PROBETAS  JOMINY:  TRATAMIENTOS  TERMICOS  Y  TAMASO  BE  GiiANO 


TRATAMIENTOS  TERMICOS 


TAMAYO  DE  GRANO 


Caic- 
f  -i.Ta 

LA. 


t  > 

TEMPLE 

l 

— 

.  REVEN1DO 

Tpmper. 

i 

T.iempo 

,Enf. 

Temperat. 

.Tiempo 

- —4 - 

830? 

30m 

i 

Agua 

M6todo 

Jominy 

300? 

400? 

450  ? 

500? 

550? 

600? 

650? 

O 

o 

3 

815? 

30m 

300?  550? 
'400?  600? 
450?  650? 

500? 

60m 

815?* 

i 

;  30m 

tf 

300?  550? 
400?  600? 
450?  650? 
500? 

60m 

850? 

30m 

tf 
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400?  600? 

450?  650? 

500? 

60m 

840? 

30ni 

ft 
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400?  600? 
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500? 

60m 

830? 

30m 

ft 

350?  550? 

400?  600? 
450?  650? 
500? 

60m 

900? 

30m 

ft 

350?  550? 
400?  600? 
450?  650? 
500? 

60™ 

820? 

30m 

tf 

350? 

450? 

550? 

650? 

60m 

_ L 

No.  OBS. 


3140 


3335 


4037 


4140 


4340 


8140 


8G40 


860? 

30m 


870? 
3 


885? 

30m 


900? 

30m 


VALORES  DE  DIAMETROS  CRITICOS 


TAB  LA  IV 
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Figura  9  Durezas  de  Aceros  de  Con Btrucc idn  en  Funcidn  del 

Porcentaje  de  Martens! ta  y  de  Carbcno  (segdn  Calvo  Rodes) 


.■VVotTCO  O'  o  /r.'Do'.'XJfc) 

Figura  10  Curva  de  Equivalencla  entre  Did  metros  Crfticos  Ideates 
y  Distancias  Jozniny  (Curva  de  Cafts  segdn  Calvo  Rodes) 
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FUNDICAO  DE  PECAS  DE  FERRO  FUND  EDO  DE  ALTO  SIliCIQ.  COM 
E  LEVADA  RESISTENCIA  A  CQRRQSAO.  PARA  INDtJSTRIAS  QUfMICA" 


Cyro  Guimaraes  (*) 
Noriyuki  Sugiyama^*) 


RESUMO  -  No  presente  trabalho  indica-se  preliminarmente: 
o  ristdrico,  a  compos  ipao  qufmica,  as  propriedades  ffsicas  e  me 
canicas,  e  a  resistencia  a  corrosao  dos  terros  fundidos  de  alto  si 
ilcio.  Em  seguida‘apresenta-se  a  experiencia  obtida  no  IPT  na 
fundipao  desse  tipo  de  liga  e  os  estudos  realizados  visando  espe- 
cialmente:  a  desgaseiiicapao  do  metal  e  o  tratamento  tdrmico  das 
pepas  obtidas  para  d/icar  o  aparecimento  de  tensoes  internas  e  a 
ruptura  durante  o  esfriamento. 


1.  INTRODUCAO 

As  pepas  de  ferro  fundido  contendo  alto  teor  silfcio  (14-16%)  vein  sendo 
produzidas  no  Instituto  de  Pesquisas  Tecnoldgicas  desde  hi  bem  vinte  anos.  No 
Brasil,  tem-se  notfcias  de  iniciativas  particulares,  tentando  esse  tipo  de  produpao 


(*}  QuImicorResponsdvel  pela  Secpao  de  Ferros  Fundidos  da  Divisao  de  Metaiur- 
gia  do  ?nst:iuto  ue  Pesquisas  Tecnoldgicas  de  Sao  Paulo  -  Brasil. 

['**]  Aluno  do  5  -  kio  de  Metalurgia  da  Escola  Politdcnica  da  Universidade  de  S. 
Paalo  -  A.ss i^tcnte-aiuno  da  Seo.de  Ferros  Fundidos  da  Div,  de  Met.  do  I. 
i\  r.  -  S.  Paulo  -  Brasil. 
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dandc-sc,  com  c  tempo,  o  dcalutcfcase  psla  alia,  fubricapao,  uevido  as  inumeras 
difiouldadeo  encontradas  na  tdcnica  de  sua  fundipao  e,  principalmente,  pelo  baixo 
rendimento  obtido  em  pepas  bca3.  Ficou  o  IPT  como  remanescente  nesse  campo, 
nao  deixando,  entretanto,  de  emrentar  os  tropepos  apontados  e  de  arrcstar  os 
prejulzos  de  tuna  fabricapao  sumamente  deficitdria,  para,  fundamentaimente, 
tanto  resolver  uma  questao  t^cnica,  quanto  pela  necessidade  de  suprir  o  mercado 
consumidor  de  um  material  praticamente  inexistente  e  de  tao  ampla  aplicapao. 


O  presente  estudo  divide-se  em  duas  partes  distintas:  uma  que  apresenta 
um  levantamento  bibliogrUfico,  onde  se  encara  o  histdrico,  a  composipao  qufmi- 
ca,  as  propriedades  ffsicas  e  mecanicas  da  liga  e,  notadamente,  a  sua  resisten- 
cia  a  corrosao  pelos  reagentes  qufmicos.  A  outra,  a  segunda,  de  caracter  prUtico, 
que  se  dedica  a  estudar  as  condipoes  de  obtenpao  das  pepas  fundidas  em  ferro  de 
alto  silicic.  Nesta  segunda  parte,  nossos  estudos  estao  novamente  divididos,  ties 
de  que,  inic’almente,  procuramos  mostrar  toda  nossa  experiencia  adquirida  nos 
ret%  ridos  anos  de  trabalho  e,  posteriormente,  revelando  uma  sdrie  de  experien- 
eias  atualizadas  e  ultimamente  realizadas.  Neste  Ultimo  ponto  encaramos  ob 
detalhes  de  nosscs  estudos  de  "desgaseificapao  e  tratamento  tdrmico”  que,  com 
seus  resultados  finais,  possibilitaram  concluir  nossos  estudos,  por  termos  atin- 
gido  uma  tdcnica  mais  aprimorada  que,  en  resumo,  nos  mantem  na  atual  posipao 
de  lideranpa  na  produpao  de  pepas  de  boa  qualidade. 


la.  PARTE  -  GENERA  LID  APES 


2.1.  Histdrico 


Os  ferros  fundidos  de  alto  silfcio,  extensivamente  empregados  na  indds- 
tria  qulmica,  representam  uma  liga  de  ferro  contendo  de  14  a  16%  dc  silfcio, 
aldm  duma  pequena  quantidade  de  outros  elementos  tais  como:  carbono,  manganes, 
fdsforo,  enxofre,  nfquel,  molibdenio. 

Atribue-se  sua  descoberta,  em  1908,  a  Jouve,  um  metalurgista  frances. 
Suas  propriedades  e  processo  de  manufatura  foram  estudados  por  Rossi,  na  Itdlia; 
em  1910,  foram  fabrieadas  pepas  fundidas,  pela  primeira  vez,  pela  firma  Lennox 
Foundry  Co.  Ltda.  de  uondres. 

Quando,  em  1912,  o  ferro  fundido  com  alto  silfcio,  foi  produzido  na  Amd- 
ricu  do  Norte,  sob  o  nome  de  "DURIRON",  o  gusa  empregado  (co*-i  15%  de  silfcio) 
vinha  dc  Lend  res  para  ser  refimdido  pela  Duriron  Co. ,  e  d  dessa  dpoca  em  diant'' 
que  encontramos  o  ’  Duriron”  apiicado  grandemente  na  inddstria  de  Ucidos,  era  pe 


~’**SRas"s£Ss!-  r? - -  — 
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pas  tais  como  tubos  e  conexoes,  bombas  e  outras,  para  as  quais  se  requei*  uma 
aita  resistencia  a  corrosao  aos  lfquidos  ou  gases  desse  tipo  de  fabricapao.  Na  la. 
Grande  Guerra  Mundial,  foram  produzidas  e  usadas  uma  quantidade  imensa  de 
tais  pepas,  em  pafses  como  a  It&lia,  a  America,  a  Franpa,  a  Inglaterra  e  a 
Alemanha.  Esse  ferro  com  liga  tern  sido  vendido  sob  vdrios  nomes  comerciais 
tais  como:  "Duriron,.  Ironac,  Tantiron,  Isil,  Corel  iron,  Ellanite,  Metillure, 
Thermisilid  e  Tersilite",  todos  similares  em  propriedades  e  composipao  qufmi- 
ca(l). 


2.2.  Composipao  Qufmica 

A  adipao  de  substancial  quantidade  de  silfcio  ao  ferro  produz  uma  sensf- 
vfci  redupao  de  faixa  na  qual  o  ataque  4cido  se  processa.  Os  ferros  silfcio,  de  re 
sistencia  aos  dci.dos,  contdm  entre  14-16%  de  silfcio  e  a  liga  entao  possue  as 
meiLoree  propriedades  de  resistencia  a  corrosao  e  as  melhores  propriedades 
mecdnicas.  A  composipao  exata  de  liga  varia  pouco,  com  os  aiferentes  fabri¬ 
cates,  tal  como  indicado  na  tabela  I,  abaixo: 


TABELA  I  (1) 


M?rca 

Si% 

ct% 

P% 

s% 

Mn% 

Ni% 

Cu% 

Hypers  ilid 

14,50 

0,65 

0,15 

0, 02 

0,50 

0,25 

0,01 

Duriron 

14,75 

0,  85 

0,12 

0,03 

0,66 

— 

— 

Torosiron 

1<*,60 

0,95 

0,08 

0,04 

0,37 

— 

— 

Tar.iiroi 

15,  90 

0,70 

0,20 

0,05 

0,30 

— 

— 

iroaat 

15,00 

0,  80 

0,85 

0,05 

0,40 

0,05 

0,03 

Isil 

14.  :o 

0,72 

0,90 

— 

0,31 

— 

0,03 

fhermisilid 

15,50 

0,55 

0, 13 

0,02 

0,57 

— 

— 

Mitillare 

15,20 

0,60 

0,08 

— 

0,90 

— 

«... 
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2.3.  Propriedades  ftBicas,  mecanicas  e  de  resistencia  a  corropao 

A  s  propriedades  ffsicas  e  mecanicas  dos  ferros  fundidos  ao  silicic  podem 
melhor  ser  estudadas  se  as  compar&mos  com  as  de  am  ferro  fundido  cinzento  co 
nvin  e  com  material  ceramico.  Todos  os  tres  sao  aplicados,  largamente,  com 
materials  resistentes  a  corrosao,  na  fabricapao  de  dcidos,  e  sao  intermutdveis. 
A  tabela  n,  apresenta  tal  comparapao. 


TABELA  II  (1) 


Propriedades 

Ferro- 

Silfcio 

Fo.Fo.cinz2 

comum 

Ceramica 

Densidade  em  g/cm^ 

7,0 

7,3 

2,2 

Ponto  de  fusao  o  c 

1.250 

1.200 

1.450 

Calor  especifico 

0,130 

0,115 

0, 20 

Coeficiente  de  expansao 
(x  10-6) 

12,0 

12,1 

4,5 

Condutividade  tdrmica 
(cal/cm/seg. ) 

0,078 

0,110 

0, 0023 

Resi3tencia  eI6trica 

(micro  ohms/ml) 

50 

45 

-• 

Dureza  Brine  11 

450 

180 

- 

Resistencia  a  trapao 
(kg/mm2) 

15,75 

23,62 

1,58 

Resistencia  transversal 
(kg/mm?<) 

28,35 

47,  Lo 

- 

Mddulo  de  elasticidade 

(E=  kg/mm2  x  104) 

1,19 

1,33 

- 

A  deneidade  ou  P.E.  das  ligas  de  Fe-Si  abaixam  com  a  elevapao  do  conteddo 
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de  silfcio  e  os  ferros  silfcio  resistentes  aos  dcidos  sao  mais  leves  que  os  ferros 
cinzentos.  O  ponto  de  fusao  desses  ferros  6  cerca  de  509  C  mais  alto  que  um  fe- 
rro  tfpico  para  a  mesma  finalidade,  devido  ao  teor  mais  baixo  de  carbono.  Os  fe 
rros  ao  silfcio  possuem  uma  capacidade  de  absorver  calor  maior  que  os  ferros 
cinzentos,  por6m,  se*i  calor  especifico  nao  6  mais  alto  que  o  dos  produtos  cera- 
micos. 


Pela  tabela,  ve-se  que  esses  ferros  tem  um  coeficiente  de  expans  ao  simi 
lar  ao  do  ferro  comum  (cerca  de  12  x  106).  Apesar  de  se  encontrar  vdrios  ndme- 
ros  para  esse  valor,  o  indicado  representa  o  mais  exato  e  foi  fundado  em  indme- 
rcs  estudos  do  National  Bureau  of  Standards,  homologado  com  estudos  prdvios 
feitos  pelo  National  Physical  Laboratories. 

A  expans  ao  dos  ferros  fundidos  ao  silfcio,  mantemse  mais  ou  menos  re¬ 
gular  em  torno  de  10009  c,  nao  havendo  af  as  anormalidades  que  sao  ocasionadas 
por  mudangas  de  fase  no  metal.  A  velocidade  de  expans  ao  yai  aumentando  gra- 
dualmente  com  a  elevapao  de  temperatura  e  o  coeficiente  m6dio  de  expansao  va- 
ria  de  12,1  x  10~6  (a  209  C)  at6  16.5  x  10“6  (a  7009  C),  sendo  que,  em  torno  de 
1000 g  C.  ma-’tem-se  mais  ou  menos  regular  devido  a  jd  mencionada  inexiatencia 
‘3  a.'ormalidades  causaoas  Deias  muciamas  de  tase. 


Concutividades  tdrmica  -  A  adicao  de  silfcio  ao  ferro  fundido  abaixa  sua 
condutividade  tdrmica,  e,  em  termos  de  comparapao,  o  ferro  fundido  re 
pistente  a  corrosao  dcida  apresenta  uma  condutividade  de  0,078  cal/cm/ 
seg  enquanto  que  um  ferro  fundido  cinzento  comum  apresenta  0, 110  cal/ 
cm/seg,  em  temperaturas  variando  de  0  a  2009  C. 

A  condutividade  eldtrica  desses  ferros  fundidos  ao  silfcio  6  tambdm  mais 
baixa  que  os  ferres  comuns,  em  cerca  de  10%. 

Dureza  -  Os  valores  cotados  para  os  ferros  de  alto  silfcio,  mostram-a 
tendencia  de  se  apresentarem  mais  baixos  que  a  dureza  intrfnseca  (real) 
da  liga,  devido  a  micro  porosidade  comumente  presente  e  oriunda  de 
chupagens  e  gases  internamente  retidos.  Uma  mddia  de  dureza  tfrica,  de 
pepas  comerciais  6  de  450  DB,  pordm  a  dureza  Brinell  de  um  lingote, 
cuidadosamente  desgaseil'cado,  fundido  a  vdcuo,  em  fornos  de  alta  fre- 
quenciae  resfriados  lentamente,  6  de  520  Brinell. 

Resistencia  e  mddulo  de  elasticidade  -  A  dureza  dos  ferros  fundidos  alto 
silfcio,  afeta  os  resultados  de  resistencia  a  trapao  causando  erros  devido 
a  dificuluadc  dc  assegurar  um  alinhamento  perfeito  nas  garras  da  maquina. 
A  RT  m6dia  desses  ferros  fundidos  6  da  ordem  de  15, 75  kg/mm2,  sendo 
de  cerca  de  metade  a  um  terpo  das  atingidas  pelos  ferros  cinzentos.  Os 
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ensaios  de  resistencia  transversal,  podem  ser  executados  em  barras  de 
secpao  circular  ou  quadrado  e  dao  resultados  bem  precisos.  Um  valor 
mddio  tlfcdco  6  de  28,35  kg/mm2.  O  mddulo  de  elasticidade  pode  ser  me 
dido  por  observapoe-rce  carga-deflexao,  em  barras  sob  solicitapao  de 
carga  transversal,  dando  resultados  representatives  mddios  de  cerca  de 
1, 19  kg/mm2  x  104,  para  um  mddulo  de  elasticidade  de  ferro  fundido  cin 
zento,  tornado  como  comparapao  e  feito  pelo  mesmo  mdtodo  de  1,33  kg/ 
mm2  x  104. 

Resistencia  a  corrosao  -  O  grau  de  resistencia  a  corrosao  das  ligas 
ferro-silfcio  varia  de  acordo  com  o  seu  conteddo  de  silfcio  e  atisge  altos 
valores  com  porcentagens  de  silfcio  acima  de  13%, 

Como  padrao  de  referencia,  ao  se  comparar  a  resistencia  a  corrosao 
desses  ferros  fundidos  (1)  tern  sido  normal  aceitar  como  limite  de  corio- 
sao  tolerdvel,  uma  penetrapao  em  dcido  de  0, 10  mm/ano.  Se  o  ataque  for 
maior,  o  material  6  considerado  imprdprio. 

a)  Resistencia  ao  dcido  sulfdrico 

Com  cerca  de  14, 5%  de  silfcio,  as  ligas  ferro-silfcio  tern  suficien 
te  resistencia  a  corrosao  ao  dcido  sulfdrico  em  todas  as  concen- 
trapoes  e  sob  todas  as  temperaturas,  atd  o  ponto  de  ebulipao  nor 
mal  da  solupao  dcida.  O  maior  ataque  6  constatado  com  solupoes 
a  ebulipao.  contcrdo  de  20  -  30%  de  H2  S04,  por  peso.  O  aumento 
de  corrosao,  do  Ferro-Siifcio  resistente  a  dcido,  ao  dcido  concen 
trado,  6  uilo  atd  mesmo  a  2503  C.  A  frio  o  efeito  do  dcido  sulfdri 
co  d  menor  ainda  que  em  temperaturas  elevadas.  Com  todas  as 
solupoes  de  dcido  sulfdrico,  a  proporpao  inicial  de  ataque  vai  se 
reduzindo  consideravelmente  e  assume  um  nfvel  baixo  e  estdvel 
depois  de  um  perfodo  de  varias  semana3. 

b)  Acido  Nftrico 

Com  este  dcido,  a  velocidade  de  ataque  nao  6  tao  apreciavelmente 
menor,  no  tempo,  quanto  para  o  dcido  sulfdrico.  O  teor  de  silfcio 
requerido  para  obter  uma  liga  nao  afetada  pelo  H  N03  deve  ser 
mais  alto  do  que  14%.  O  maior  ataque  ocorre  com  solupoes  de  dci 
do  fraco  (v.g.  5%  no  ponto  de  ebulipao)  e  a  velocidade  de  corrosao 
diminue  com  solupoes  de  maior  concentrapao,  atd  que  6  atingido  o 
limite  de  seguranf'a  de  0,1  mm/ano,  de  penetrapao,  com  uma  so¬ 
lupao  concentrada  :e  50%,  por  peso.  Para  uma  compieta  resisten 
cia  a  solupoes  quentes  de  dcido  diluido,  o  teor  adequado  de  silfcio 
4  maior  que  16%.  Para  solupoes  contendo  mais  que  50%,  as  com- 
posipoes  uormais  desses  ferros  fundidos  sao  satisfatdrias.  O  dci 
do  nitrico,  em  qualquer  conceutrapao,  a  temperatura  normal  am- 
biente,  tern  apao  negligfvei  sobre  os  ferros  normais  com  14, 5%  de 
silfcio. 


•^.'acgggg1 
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c)  Acido  clorfdrico 

A  resistencia  dos  ferros- silfcio,  de  composipao  usual,  nao  6  tao 
completa  para  dcido  clorfdrico  quanto  para  dcidos  sulfdrico  e  nf- 
trico.  O  ataque  de  solupoes,  em  todas  as  concentrapoes,  a  frio,  6 
fraea,  mas  a  temperaturas  elevadas,  especialmente  para  solupoes 
entre  20-30%,  6  rdpida.  Deve-se  elevar  substancialmente  o  teor  de 
silfcio  para  cerca  de  17%.  Essa  eievapao  corresponde,  em  efeito, 
praticamente,  a  mesma  qua  6  obtida  pela  introdupao  de  3, 5%  a  4% 
de  molibdenio  em  ferros  de  14,5%  de  silfcio.  Esse  tipo  de  ferro  ao 
silfcio  6  aplicado  em  quase  todas  as  operapoes  com  dcido  clorfdri¬ 
co. 

d)  Acido  fosfdrico. 

A  temperatura  ambiente,  a  imersao  desses  ferros  fundidos,  em 
solupoes  diluidas  ou  concentradas,  6  negligivel.  As  temperaturas 
elevadas,  (v.g. ,  no  ponto  de  ebulipao),  o  ataque  mantem-se  baixo, 
na  mesma  proporpao  de  urn  Icido  sulfdrico  de  20%  e,  sob  tais  con- 
dipoes,  (0, 1  mm  de  penetrapao/ano)  os  ferros  fundidos  ao  silfcio, 
de  teor  nao  inferior  a  14. 5%  de  silfcio,  podem  ser  aplicados  para 
acido  fosfdrico,  em  todas  as  concentrapoes,  at6  3002 C. 


E  extremamente  diffcil  de  se  predizer  e  estabelecer  uma  lista  completa, 
onde  as  mais  variadas  condipoes  de  corrosao,  na  inddstria,  possam  ser  encontra 
das,  ainda  mais,  devido  a  que,  enxnuitos  casos  os  ferros  fundidos  alto  silfcio 
ainda  nao  tenham  sido  aplicados.  Atd  onds  se  conhece,  as  tabelas  seguintes  de 
ndmeros  III  a  VIII,  resumem  as  mais  divulgadas,  Nessas  tabelas,  o  grau  de  ata¬ 
que  6  simbolizado  por  letras,  com  os  seguintes  significados  prdprios: 


A  =  Inatacado  (perda  por  corrosao  menor  que 
0, 00001  g/cm.  2/hora) 

B  =  Ataque  muito  leve 

(perda  por  corrosao  entre 
0. 00001  -  0, 0001  g/cm.  2/hora) 

C  =  Algum  ataque 

(perda  por  corrosao  entre  0, 0001  - 
0,001  g/cm.  2/hora). 

D  =  Ataque  definido  (maior  quo  0, 001/cm,  2/hora) 


XV-8 


TATaTTT  A  TTT  /I  \ 

♦  *  AM  A  AAA  ^A  p 

Resistencia  aos  dcidos 


Acido 

Concentrapao 

Temperatura 

Grau  de 
Ataque 

Ac6tico 

Solupao 

0,5% 

P.Eb.  (+) 

A 

ff 

ii 

20 

% 

P.Eb. 

A 

ff 

ii 

25 

% 

152  C 

A 

ti 

ii 

80 

% 

P.Eb. 

A 

u 

Puro 

100 

% 

159  C 

A 

11 

tt 

100 

% 

P.  Eb. 

A 

Acdtieo  (Eter) 

Puro 

P.  Eb. 

A 

Acdtico  (anfdrico) 

Puro 

152  C 

A 

Bdrico 

Solupao 

25 

% 

P.Eb. 

A 

Cftrico 

Solupao 

10 

% 

152  C 

A 

Clorfdrico 

Solupao 

5 

% 

152  C 

A 

ft 

tt 

5 

% 

902  C 

A 

ft 

tt 

35 

% 

152  C 

B 

tt 

35 

% 

902  C 

C 

tt 

tt 

35 

% 

P.Eb. 

D 

Clorcsulfonico 

Concentrado 

152 C  -  70s C 

A 

Cromico 

Solupao 

5 

% 

152  C 

A 

ii 

50 

% 

152C 

A 

11 

ii 

50 

% 

P.Eb. 

B 

Fosfdrico 

Em  todas  coneens. 

152 C  -  P.Eb. 

A 

Fluorfdrico 

Solupao 

70 

% 

152  C 

D 

Gdlico 

Solupao 

10 

% 

P.Eb. 

A 

Hidrobromico 

Solupao 

10 

% 

152  C 

A 

tt 

Densidade  1,45 

152  C 

B 

tr 

"  1,45 

P.Eb. 

D 

Nftrico 

Solupao  aci  na 

50 

% 

P.Eb. 

A 

ft 

Em  todas  concens . 

152  C 

A 

ff 

Solupao  abaixo 

50 

% 

P.Eb. 

B 

Oxdlico 

Solupao 

20 

% 

152 C  e  P.Eb. 

A 

Oleum 

+  20%  de  S03 

802  C  -  1002  C 

C 

Pfcrico 

Sol.  sat.  en  dicool 

15  2  C 

B 

SuiWrico 

Em  todas  as  ccnccns. 

152 C  -  P.Eb. 

A 

Sulfuroso 

Sol.  Saturada 

15  2  C 

A 

Tartdrieo 

Solucao 

25 

15 2 C  -  P.Eb. 

A 

+  (P.Eb.  -  Ponto  de  Ebulipao) 

;  -  --  -■  • 
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TABELA  IV  (1) 

Resistencia  a  mistura  de  dcidos 


Acidos 

Misturados 

Concentrapao 

Temperatura 

Gram  de 
Ataque 

Acdtico  e  butfrico 

Conce;  :rado 

P.Eb. 

B 

Clorfdrico  e 
Sulfdrico 

10%FI  Cl+20%  H2S04 

709  C 

A 

NItrico  e 

Sulfdrico 

TOv.-af  is  misturas 

15  9  C  -  1209  C 

A 

Fosfdrico  e 
Sulfdrico 

159  C  de  H2  S04 

1109  C 

B 

TABELA  V  (3) 

Resistencia  aos  alcalis 

Alcali 

Concentrapao 

Temperatura 

Grau  de 
Ataque 

Amonio  (hidrdxido)  Solupao  saturada 

15  9  C 

A 

Potdssio  (  "  ) 

Solupao  50% 

159  C 

A 

"  (  "  ) 

Solupao  50% 

1309  C 

B 

"  (  !t  ) 

Fundido 

3609  C 

D 

S 6:  io  (carbonate) 

Fundido 

9009  C 

D 

(hidrdxido) 

Solupao  30% 

159  C 

A 

"  (  M  ) 

Solupao  30% 

1209  C 

B 

"  (  "  ) 

Fundido 

3189  C 

D 
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T,AT3I?T  A  \/T  / 1  \ 

-  |  »  T  J.  / 

Resistencia  aos  sais 


Sal 

Concentrapao 

Temperatura 

Grau  de 
Ataque 

Alumen 

Solupao  saturada 

P.Eb. 

A 

tf 

Fundido 

2002  C 

A 

Alumltaio  (sulfato) 

Solupao  aquosa  em  todas 
as  concentrapoes 

At*  o  P.  Eb. 

A 

Amonio  (cloreto) 

Solupao  saturada 

152  C 

A 

"  («) 

Solupao  aquosa  em  todas 
as  concentrapoes 

Ate  o  P.Eb. 

A 

"  (nitrato) 

Solupao  saturada 

Ate  o  P.Eb. 

A 

"  o 

Sal  puro  fundido 

Fusao 

A 

"  (sulfato) 

Solupao  saturada 

Ate  o  P.  Eb. 

B 

”  (persulfato) 

Puro 

P.Eb. 

A 

Cdlcio  (cloreto) 

Dens.  =  1,43 

P.Eb. 

B 

”  (hipoclorito) 

Solupao  saturada 

15  e  C 

A 

Cobre  (sulfato) 

Solupao  saturada 

15 2 C  -  1002C 

A 

"  (cloreto) 

Solupao  10% 

P.Eb. 

C 

Cromo  (alumen) 

Solupao  saturada 

P.Eb. 

A 

Ferrico  (cloreto) 

Solupao  50% 

502  C 

D 

"  (sulfato) 

Solupao  saturada 

15  e  C 

A 

Manganes  (cloreto)  Solupao  1% 

152C 

A 

"  {") 

Solupao  saturada 

P.Eb. 

B 

"  (sulfato)  Solupao  5% 

152  C 

A 

.\Iercd.rico(cloreto)  Solupao  saturada 

202  C 

A 

Potass  io 
(bitartarato) 

Solupao  saturada 

P.Eb. 

C 

Potass io  (cloreto) 

Solupao  saturada 

P.  Eb. 

A 

"  n 

Solupao  saturada 

P.Eb. 

A 

oddio  (bisulfato) 

Fundido 

2002  C 

A 

M  (cloreto) 

Solupao  20% 

15QC 

A 

"  (hipoclorito) 

Solupao  saturada 

202C 

A 

"  (sulfato) 

Solupao  10% 

152C 

A 

^inco  (cloreto) 

Solupao  30% 

159C 

B 

"  o 

Solupao  30% 

P.Eb. 

D 

u  (sulfato) 

Solupao  25% 

202  C 

A 

r?  — 


-55S*”T^a»PSr 
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TABELA  VU  (1) 

Resistencia  a  mistura  de  dcido  com  sais 


Reagente 

Composipao  da 
mistura 

Temperatura 

Grau  de 
Ataque 

Acido  nftrico  +  Bi- 
cromato  de  Sodio 

H  N03,  sol.  20%/ 
volume  +  Na2 

Cr$  207, 50  g/lt 

152  C 

A 

Acido  sulfdrico  +  Bi 
cromato  de  Sodio 

Em  todas  as  con- 
centrapoes 

60 a C  -  902 C 

A 

Acido  sulfdrico  + 
cloreto  de  Sddio 

H2  204,  sol.  5%; 

Na  Cl,  sol.  10% 

502C 

A 

Acido  sulfdrico  + 
sulfato  de  amonio 

Ha  S04,  sol.  10%; 
(KH4)  2  S04,  sol. 
saturada 

702  C 

A 

Acido  sulfdrico  + 
sulfato  de  cobre 

Em  todas  as  con- 
centrapoe  s 
-  Ca  Cl2  (5%) 

atd  1002  C 

1002  c 

A 

Acido  sulfdrico  + 
sulfito  de  Sddio 

Em  todas  as  con- 
centrapoes 

atd  1002  C 

A 
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TABELA  VIII  (1) 


Resistencia  a  varios  reagentes  qufmicos 


Reagente 

Compos  ipao 

Temper  atura 

Grau  de 
Ataque 

Alumfnio,  fundido 

Altemapao  de  dmido 
e  seco 

Ate  1002C 

A 

fdem 

700e  C 

D 

Condipoes  atmosfd- 
ricas 

Normais 

A 

Bromo 

Vapor  dmido 

152  C 

B 

Lfquido,  puro 

15  e  C 

B 

u  it 

702  C 

D 

Agua  de  Bromo 

Saturada 

152  C 

A 

Cloro.,  gasoso 

puro 

203  C 

A 

Agua  de  Cloro 

saturada 

15  2  C 

A 

Perdxido  de  Hidro- 
genio 

20  volumes 

152C 

A 

loco 

gasoso 

1002  c 

A 

Fenol 

pureza  90% 

P.Eb. 

A 

Agua  corrente 

Aerada 

159  C 

A 

Vapor 

- 

At6  3002  C 

A 

Vapor  +  Oxigenio 

5%  de  02 

1002  c 

A 

Urina 

variavel 

152  C 

A 

Vinagre 

concentr.  comer- 
cial 

15  2  C 

A 

Zinco  fundido 

— 

5002  C 

D 

Ilustram-se,  ainda,  as  variapoes  de  corrosao,  com  diagramas  de 
•  orrosao  de  ferros  fundidos  contendo  15%  de  silfcio,  para  dcido  sulfdrico  (fig.  1), 
dcido  nftrico  (fig.  2),  dcido  clorfdrico,  a  frio  e  a  quente,  em  vdrias  concentra- 
poes  (fig.  3),  em  dcido  clorfdrico  a  ebulipao  (fig.  4),  e  dcido  fosfdrico  (figura  5). 


■■ — 
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3.  2a.  PARTE  -  TECNICA  DE  PRODUCAO  E  CQNTROLE  DOS  FERROS 

FUNDIDOS  DE  ALTO  SILICIO  -  EXPERIENCE  REUNIPA 
NA  FUNDICAO  EXPERIMENTAL  'DO  I.  P.  T, 


3.1.  Important: ia  de  composicao  qufmica 

3.1.1.  Importancia  do  conteddo  de  Carbono 

Os  ferros  fundidos  de  alto  silfcio  contem  carbono  e,  como 
no  caso  de  ferros  cinzentos,  o  conteddo  de  carbono  tem  marcada 
influencia  nae  propriedades  de  fundi? ao  de  liga.  A  presenpa  de  car 
bono  no  ferro-silfcio  nos  teores  usuais,  leva  a  liga  ao  ponto  eutdti- 
co.  Dos  resuitados  experimental,  na  fundipac.  foi  estab.  ior.:a  vum 
diagrama  de  equillbrio  aproximado,  que  corresponde  a  uma  secpao 
plana  de  sistema  temdrio  mais  complex©,  pordm,  serve  para  indi¬ 
car  os  resuitados  prdticos  de  maior  importancia.  A  figura  6,  apre 
senta  tal  diagrama. 

Neste  diagrama  ve-se  que  as  condipoes  de  aqnilibrio  alteram- 
se,  para  um  ferro  contendo  15%  de  silfcio  e  0,65%  de  manganes,  nu- 
ma  faixa  de  conteddo  de  carbono  de  0, 3%  a  0, 9%.  A  aparencia  de 
grafita,  no  Ferro-Silfcio,  representa  uma  boa  indicapao  para  se 
saber  se  a  liga  6  hipo  ou  hiper-eutdtica.  As  ligas  hipo  eutdticas, 
apresentam  uma  "gratita  fina",  tipo  de  estrutura  jd  bem  conhecida 
e  enquadrada  na  classificapao  ASTM  como  tipo  D  e  E  ;amanho  5  e  6. 

A  quantidade  de  grafita  vai  aumentando  a  pro,.-  *pao  que  se 
atinge  o  ponto  eutdtico.  Os  ferros  fundidos  hiper-eutdticos  eontdm, 
em  adipao  a  grafita  fina,  uma  certa  quantidade  de  grafita  primdria 
ou  em  fldcos  tipos  ASTM  B  e  C  na  s  4  e  5.  Se  .ma  liga  fundida, 
hiper-eutdtica,  for  agitada  enquanto  esfria,  separa-se  um  "kish" 
e  o  restante  do  material  apresentase-a  mais  baixo  em  carbono.  Os 
fldcos,  de  grafita,  nu  for^o  agitado,  aparecem  levemente  menores, 
pordm,  foi  observado  que  o  teor  de  carbono,  nao  ficou  reduzido 
completamente  ao  valor  eutdtico. 

Com  as  ligas  desse  conteddo  de  silfcio  e  manganes  e  com 
carbono  entre  0, 5  -  0, 6%  obtem-se  uma  maioria  de  pep&i  ”sa s"  e 
com  menor  tendencia  a  defeitos  como  trinca  a  quante  (hot  tear), 
etc. 


3.1.2.  Manganes  (2) 

Encontra-se  nos  ferros  fundidor  de  alto  silfcio  usuais,  em 
porcentagens  que  vao  de  0,30  a  0, 90%,  do  que  nao  results  separa- 


BBS 


< pao  de  fase.  Tem,  entretanto,  alguma  influencia  na  estabilidade 
de  carbonetos  e,  um  alto  teor  de  manganes,  produz  um  aumsnto 
gradual  da  quantidade  de  carboneto  residual  na  liga  fundida,  que 
saof  pordm,  decompostos  por  tratamento  t6rmico  (recosimento). 
O  manganes  influe,  outrossim,  para  a  melhoria  das  propriedades 
mecanicas,  sendo  que  o  seu  valor  adequado  4  o  de  0,60%. 


3.1.3.  Fdsforo 

Apresenta-se  na  forma  de  areas  de  fosfetos  de  ferro.  Essa 
fase  adicional  apresenta-se  usualmente  associada  com  a  fase  de 
carboneto  residual  (se  presente)  e  parece  exercer  uma  influencia 
estabilizadora  neste  dltimo.  A  fase  fosfeto,  em  eontraste  com  a  fa 
se  carboneto,  sobrevive  ao  tratamento  tfirmico  (recosimento).  A 
persisteneia  da  fase  carboneto  ser&  discutida  no  capftulo  reservado 
ao  trat  =  tdrmico.  Teores  de  idsforo  at6  1,4%  nao  apresentam  efei- 
tos  adversos  sobre  um  ferro  fuadido  com  15%  de  silfcio  e  0, 6%  de 
caroono,  n.as  desde  que  tem  efeito  estabilizador  sobre  os  carbone 
tos,  nao  se  c.eve  tc-lo  aessa  ordem.  Um  valor  adequado  de  fdsforo 
6  da  ordem  de  G,3C%.  Com  teores  maiores  que  1,4%,  os  ferros 
mndidos  alto  silfcio,  comepan  a  ficar  aceniuaciamente,  .nais  que- 
bradipos  e  apresentam  um  aumento  no  grau  de  microporosidade. 

A  fluidez  do  metal  eleva-se  levemente  pela  adipao  de  fdsforo,  o 
que  significa  que  as  pepas  podem  ser  vazadas  em  temporatura  mais 
baixa.  Um  defeito  tfpico  e  representative  da  manor  fluidez  do  metal 
6  apresentado  pela  fig.  7,  onde  se  ve  o  mau  encuimento  da  pepa 
(misrun)  devido  a  essa  razao.  Para  corrigi-lo  deve-se  imediata- 
mente  verificar  a  compos ipao  da  liga,  a  temperatura  de  vazamento, 
o  ndmero  e  dimensionamento  dos  canais  e  at6,  se  necesslrio,  au- 
mentar  a  seepao  da  pepa  para  iundipao. 

3.1.4.  En>:ofre  -  Cobre  -  Croino 

Sao  cncontrados  normalmente  como  elementos  residuais  e, 
nas  porcentagens  apresen  Ladas,  nao  tem  influencia  aprecidvel  nas 
propriedades  dos  ferros  fundidos  alto  silfcio. 


3.1.5.  iMollbderuo  -  Niguel 

Como  jd  referido  (item  R-a  corrosao  -  em  HC1),  o  molib- 
denio  (cerca  de  3,5%)  eleva  a  resistencia  a  corrosao,  bem  como 
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melhora  as  propriedades  mecanicas,  a  frio  a  quente,  notadamente 
a  resistencia  ao  choque,  destes  ferros  funaidoa.  O  niquel,  na  base 
de  2%,  entra  como  refinador  de  grana,  melb.orando  portanto  as  ca- 
racterfsticaa  mecanicas  das  pepas. 


3.2.  Modelos  e  Projeto 

Nao  6  somente  o  conhecimenlo  ios  caracterfsticos  ffsicos  e  mecanicos  da 
liga  que  dao  ao  projeto  uma  garantia  de  aplicapao  plena  dos  ferros  fimdidos  de  al¬ 
to  silfcio.  E,  tamWm,  necessdrio  de  se  anotar  certos  dados  empfricos  que  vao 
sendo  acumulados  da  pr&tica.  Sao  estes  dados  reiativos,  empregados  na  fundipao, 
que  ditam,  na  maioria,  as  modificapoes  que  serao  introduzidas  no  projeto  e  rela- 
cionadas  com  os  detalhes  mats  importantes  para  melhor  exito  da  fundipao. 

A  alta  contrapao  de  solidificapao  do  metal  (eerca  de  2%)  e  a  sua  fragilida- 
de,  devem  sempre  ser  consideradas  quando  se  projeta  as  pepas.  Deve-se,  sem- 
pre  que  possfvel,  evitar  pepas  (como  tubos,  por  exemplo)  con  grandes  flanges  em 
cada  extremidade,  que  serve  para  reter  a  contrapao  axial,  livre.  Outras  vezes,  a 
rctcnpao,  de  contrapao  se  dd  por  um  projeto  errado  de  canais.  As  figuras  8  e  9 
inostram  um  defeito  muito  comum,  conhecido  como  trinca  a  quente  (hot  tear),  que 
6  motivado  por  essa  retenpao  de  contrapao  que  geralmente,  se  processa  quando  o 
metal  solidifca.  O  fator  de  maior  importancia,  causador  desse  defeito  que,  aliado 
a  essa  contrapao  anormal,  que  d  causada  pelos  moldes,  machos  e  armapoes,  d  ge 
ralmente  o  projeto.  Podem  ainda  influir  as  tensoes  residuals  que  sao  causadas  pe 
la  desmoldagem  muito  antecipada  e  consequente  resfriamento  rdpido  ao  ar,  sem  a 
transference,  na  temperatura  certa,  para  o  fomo  de  tratamento  tdrmico,  como 
serd  mdicado.  Evita-se  esse  defeito,  por  meio  de  emprego  duma  areia  mais  fra- 
ca,  pelo  imediato  afrouxamento  do  molde  e  machos  logo  apds  ao  vazamento  e,  co 
mo  serd  descrito,  pela  transference  para  o  fomo  de  recosimento.  Quanto,  em 
eertas  fundipoes,  nao  for  possfvel  o  tratamento  tdrmico,  deve-se  pelo  menos  to- 
mar  a  precausao  do  afrouxamento  de  i>-olde  e  macho  e,  quando  a  pepa  permite, 
etroduzir-se  uma  quantidade  adequada  de  carvao  vegetal,  mternamente,  deixando-o 
queimar  lentamente,  com  a  caixa  semi-aberta,  e  para  man  ter  uma  temperatura 
de  resfriamento  lenta  o  mae  possfvel  que  tene  substituir  o  resfriamento  no  for 

UO. 


A  fabricapao  de  chapas  xinas,  de  grande  drea,  apresenta  sdrias  dificulda- 
des  e,  na  prdtica,  o  comprimento  da  drea  deve  ser  de  duas  a  tres  vezes  sua  largu 
ra,  com  espessura  de  cerca  de  1/15  a  1/10  da  dimens  ao  mais  curta  de  chapa  den- 
tro  de  certos  limites.  Ao  fundir  placas  circulares,  deve-se  introduzir  perfurapoes 
em  certo  ndmero.  £  preferfvel,  neste  caso,  fundir  a  pepa  em  duas  metades  se 
possfvel. 
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Com  superficies  planas.  constitue  uma  vantagem  se  o  centro  da  pepa  pu- 
der  serreduzido,  em  espessura,  a  65%,  em  relapao  a  sua  periferia.  Os  reeepien 
tes  feomo  cadinhos,  vasilhames,  etc.),  devem  sempre  ter  rebordos  ou  nervuras, 
reforpos  ou  aletas,  em  torno  da  sua  extremidade  superior,  o  que  dd  maior  espe- 
ssura  de  metal,  no  aro,  de  cerca  de  duas  vezes  aquela  do  resto  da  pepa.  Os  furos 
para  pinos,  ou  safdas,  ou  outros  com  o  mesmo  propdsito,  devem  ser  os  mais  lar 
gos  possfveis,  devido  a  tendencia  dos  pequenos  machos  de  areia  de  se  sintetizar 
quanto  em  contato  com  as  secpoes  grossas  do  metal  quente.  Nao  se  pode  empregar 
chapelins  como  suporte,  sendo  portanto,  de  grande  valia  se  o  modelista  ou  proje- 
tista  previr  uma  colocapao  adequada  de  tubos  de  safda,  furos  dos  pinos  e  extremi 
dades  abertas,  que  dao  pontos  suficientes  para  suportes  dos  machos.  Um  apuro, 
neste  caso,  redunda  em  substancial  barateamento  nas  pep  as  e  reduzem  o  perigo 
cie  perdas,  aldm  de  tomar  desnecessirio  uma  marcapao  extra  no  modelo. 

As  pepas  de  ferros  fundidos  ao  silfcio  devem  ser  cerca  de  25%  mais  gros¬ 
sas  n  .o  as  normalmente  especificadas  para  ferros  cinzentos  comans,  em  vista  da 
d Jorenpa  de  resistencia  mecanica.  Deve-se  evitar  variapoes  bruscas  .  u  secpao, 
poi-d-m,  se  absolutaraente  necessirias  deve-se  reservar  lugar  adquado  para  per- 
n* ao  fundidor,  a  colocapao  de  resfriadores,  coquilhas,  etc.,  quando  da  mol 
-‘-igem. 


3.3.  Moldagem 

Devido  a  succtibilidade,  dos  ferros  fundidos  alto  silfcio,  ao  hidro- 
r-'.n.  ?,  todos  os  moldes,  de  certa  envergadura,  devem  ser  feitos  em  areia  estufa 
-a,  Deve-se  e/itar  areias  com  resistencia  elevada,  a  fim  de  permitir  uma  rdpi- 
da  quebra  na  desmoldagem  e  razo&vel  colapsibilidade  durante  o  vazamento.  Em 
•.•utras  pa  lavras:  deve-se  escolher  uma  areia  que  de  o  melhor  balanceamento  en- 
ii-c  uma  alta  colapsibilidade  e  uma  razo&vel  resistencia  antes  da  pepa  ser  vazadta. 
Uma  areia  tfpica,  para  esse  propdsito,  empregada  no  IPT,  6  dada  na  Tabela  9. 

Os  moldes  sao  assentados  em  estrados  metdlicos,  em  berpo  de  areia  de 
!  ..ac.qao,  e  o  con  junto  6  levado  a  estufa  para  secagem  a  2509  c,  de  preferencia  a 
o.  Pequenas  pepas  podem,  as  vezes,  serem  fundidas  a  verde. 

A  alta  contrapao  de  solidificapao  desses  ferros  fundidos,  obriga  um  proje 
a  os  machos  que  permita  uma  ripit  a.  colapsibilidade,  a  fim  de  prevenir 
'-3  na  pepa,  ao  solioificar,  que  pioduzem,  tanto  como  referido  na  eompo 
&  .-ao  iUfmica,  as  trincas  a  quente  (hot  tear). 

Para  machos  retos,  axiais,  omprega-se  barro  moldado  sobre  uma  fundi- 
.  ita  dc  corda  de  palha  enrolada  num  cilindro  de  apo,  perfurado  em  todo  seu 
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TABELA  IX 


Componentes 

Areia  p/faceamento 
(a  verde) 

Areia  para  machos 

A  B 

Ar.  S.  Vicente  M6duIo 

90-100  g 

1000 

2000 

2000 

Ar.  Usada 

g 

1000 

- 

- 

Argila  Japana,  p6 

g 

100 

100 

200 

6leo  Oiticica 

g 

o» 

10 

10 

Dextrina 

g 

- 

40 

40 

Mogu 

g 

- 

- 

- 

Agua 

ml 

100 

100 

100 

Caracterlstieos 

Umidade 

% 

4,0 

4,2 

4,8 

Permeabilidade 

AFS 

50 

43 

36 

R  -  a  comprsssao 

kg/cm2 

0,50 

0,09 

0,30 

Deformapao 

% 

4,0 

2,6 

3,1 

Escoabilidade 

AFS 

78 

86 

82 

Ao6s  estufagem  durante  3  h  a  1109  C  e  a  2209  C  respectivamente 

Permeabilidade 

AFS 

0 

70 

70 

R  -  a  compressac* 

kg/cm2 

12,65 

8,44 

11,25 

Dureza 

AFS 

- 

82 

76 

OBS.  •, 

1.  Recomenda-se  pintar  03  mo  Ides  com  tinta  a  base  de  grafita  a  fim  de  protege- 
los  durante  o  vazamento.  Uma  tinta  erapregada  com  exito,  no  IPT,  6:  Grafi+a 
^95%  de  earbono,  mfloimo)  =  40  partes  em  peso;  Argila  coloidal  =  2  partes  em 
peso;  Dextrina  =  2  partes  em  peso;  Agua  =  10Q  partes  em  peso. 

O  Navy  Research  Laboratories  -  Whashington  -  DC  -  EUA,  recomenda  a  se- 
guinte  composipao:  Bentonita  =  0, 6%;  Dextrina  =  1,3%;  Grafita  =  31,1%;  Ben¬ 
zoate  de  sddio  =  0, 1%  e  Agua  66, 7%.  Esta  tinta  deve  apresentar  uma  Densida 
de  Baum4  =  309 .  £  aplicada  por  pincelamento  ou  "sprayer". 

2.  A  colapsibilidade  do  macho  pode  ser  aumentada  pela  adipao  de  0,5%  de  serra 
gem. 

3.  Uma  maior  permeabilidade  pode  ser  conseguida  pela  utilizapao  de  uma  areia 
base  mais  grossa  (mddulo  de  finura  AFS  =  60-70). 
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comprimento  e  superffcie,  para  venlilapao.  O  macho  6  moldado  at6  sua  forma  fi¬ 
nal,  assentando-se-o  numa  bancada  e  fazendo-o  passar  por  um  gabarito  desbasta 
dor  (por  torpao).  Para  cotovelos  e  outros  machos  nao  axiais,  usa-se  as  areias 
indicadas,  moldadas  em  caixas  de  machos  comum,  de  madeira.  Os  machos  de 
barro,  sao  secos  em  estufa  a  1509  C. 

Tubos  longos  -  A  fimdipao  de  tubos  longos,  de  pequeno  e  m6dio  diamstro, 
apre?enta-se  sobremaneira  aificultosa ,  devido  a  necessidade  de  se  evitar 
os  chapelins  que,  normalmente,  nao  caldeiando  com  o  material,  deriam 
falhas  e  porosidade.  Neste  caso,  o  macho  tern  de  ser  suportado  nas  suas 
extremidades  por  marcapoes  de  macho  muito  mais  extensas  que  as  em- 
pregadas  para  machos  de  ferro  fundido  comum  ou  mesmo  apo.  Dependen 
do  de  0,  sendo  o  comprimento  excessivo,  6  preferfvel  se  fundir  os  tubos 
em  Vclrias  secpoes,  e  depois,  junta-las,  por  meio  de  solda.  Quando  se 
trata  de  tubos  fechados  em  uma  extremidade,  se  pode,  tamb6m,  fundi- 
los  abertos  e,  posteriormente,  fechd-los  por  meio  de  solda.  Para  pepas 
em  geral,  deve-se  aplicar  resfriadorjs  nos  pontos  onde  o  metal  6  mais 
fino,  tornado  como  base,  a  mddia  de  espessuras  da  secpao  transversal  da 
pepa.  O  emprego  de  canais  finos,  de  distribuipao  e,  principalmente  de 
ataque  (entrada),  representa  regra  geral  para  a  flcil  e  expontanea  separa 
pao  dos  mesmos  e  dos  mapalotes,  mesmo  no  resfriamento  do  metal.  A 
fig.  10,  mostra  um  aefeito  causado  por  um  canal  mal  dimensionado  que  fa 
cilitando  a  safda  dos  gases  do  macho,  em  pepa  de  parede  fina.  provoca  ao 
ser  retirado,  um  furo  como  na  figura. 


3.4.  Fundicao 


3.4. 1.  la.  e  2a.  Fusao 

Para  garantir  a  homogeneidade  do  material,  evitando  um 
excesso  de  grafita,  de  silfcio,  ou  de  gases  retidos,  recomenda-se 
sempre  um  processo  de  dupia  fusao,  ou  seja,  de  se  fazer  uma  bn 
gotagem  preliminar  de  carga,  a  qual  6,  posteriormente,  refund i- 
da,  feitas  as  correpoes  necessarias  na  composipao  qufmica,  para 
%  azamente  no  molde.  (3). 

Essa  tecnica,  entretando,  devido  as  c  .  odipoes  oxidantes 
que  predomii.im  no  forno  (forno  eldtrico),  onde  ae  faz  a  primeira 
fusao,  nao  da  resultados  compensadorcs,  pois,  al6m  da  desearbo 
netapao.  existe  um  descontrole  r.o  teor  de  silfcio,  obrigand^  i:u 
aoerto,  antes  da  segunra  fusao,  iue  se  tradun  muito  oneroso.  Ten 
tando  melhorar  as  concipoes  p.  bnei-  a  fusao,  conseguiu-se  6ti- 
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mos  resultados,  por  meio  de  controle  da  atmosfera  do  forno,  man 
tendo-a  redutora,  com  a  adipao  de  61eo  combustfvel.  O  61eo  6  gote 
jado,  durante  to  da  a  operapao,  na  banho  Ifquido  e,  a  sua  combustao, 
propfcia  o  ambiente  redutor  dcsejado.  Estamos  fazendo  estudos 
comparativos  com  61eo  e  com  CO  (obtidc  com  gerador  de  CO),  para 
se  verificar  qual  o  processo  mais  economico  e  eficiente,  os  quaie 
constituirao  um  trabalho  a  parte. 

A  quantidade  de  61ec  empregado,  num  fomo  eletrico  trifdsi 
co,  a  arco  de  1  tonelada  de  carga  sdlida,  para  uma  carga  de  600  a 
800  quilos,  tern  sido  de  10  litros  de  61eoAora. 

Nestas  condipoes,  o  ferro  fundido  alto  silfcio  obtido,  cuja 
compos ipao  mSdia  calculada  foi  de  Ct=0,S8;  Si=14,3%;  Mn=0, 70, 
deu  uma  composipao  final  (de  la.  fusao)  de  Ct=0,65;  Si  =  15, 3  e 
Mn  =  0, 80,  mostrando  uma  composipao  plenamente  adequada  para 
o  uso  i  media  to,  quase  riispensando  uma  segunda  fusao.  Entretanto, 
devido  a  retensao  de  teores  ponderdveis  de  gases,  o  material  apre 
senta-se  poroso  e  mesmo  com  aparencia  heterogenea  e  de  grana 
que  revela  material  de  baixa  qualidade.  J1  isto  nao  se  observa  de- 
pois  da  2a.  fusao,  quaudo  a  fratura  de  um  lingote  mostra  homoge¬ 
ne  idade,  quase  completa  ausencia  de  bolhas,  prdprio  de  material  de 
boa  qualidade.  Este  material,  de  segunda  fusao,  apresentou  um 
Ct=0,56;  Si=15, 3  e  Mn=0, 70%,  do  que  se  conciue  que  praticamente 
nao  houve  alterapao  em  relacao  com  a  composipao  de  la.  fusao. 

Com  essa  tdcnica,  reafirma-se,  praticamente  nao  se  teve 
de  fazer  adipoes  para  correpao  na  composipao  qufmica,  o  que  evi 
dentemente  proporcionou,  aiSm  da  economia  das  adipoes,  uma 
melhoria  substancial  na  qualidade  do  material,  apesar  de  ser  ieve 
mente  onerado  o  custo  por  um  pequeno  gas  to  de  61eo.  A  fig.  11-a  e 
b  mostra  respectivamente  uma  secpao  de  lingotes  de  la.  e  2a.  fusao. 
Nota-se  que  a  simples  refusao  contribui  para  uma  homogeneizapao 
do  metal. 


3.4.2.  Importancia  de  temperatura  de  vazamento 

A  velocidade  de  esfriamento,  na  faixa  de  solidificapao,  tern 
efeito  prof  undo  sobre  o  tamanho  de  grao  de  qualquer  metal  ou  liga 
e  influe  decisivamente  nas  suas  propriedades  mecanicas  e  ffsicas. 
Deduz-se,  daf,  que  a  temperatura  de  fundipao  tern  uma  influencia 
important e  na  velocidade  de  esfriamento,  o  que  torna  obrigatdrio 
controlar  essa  temperatura,  dentro  de  limites  prdprios,  se  desejar 
mos  uma  uniformidade  no  tamanho  de  grao  na  pepa. 

J&  ficou  demonstrado  que  se  empregamos  alta  temperatura 
de  vazamento,  h&  a  tendencia  da  formapao  de  crista  is  colunares 
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grandes.  De  outro  lado,  uma  temperatura  muito  baixa  prcdu;:  cris 
tais  muito  fiao3.  Numa  temperatura  intermedidria  tem-se  cristais 
de  grao  moderadamente  fino,  com  bons  resultados  para  as  pepas 
obtidas.  A  temperatura  adequada,  para  os  ferros  fundidos  de  alto 
silfcio,  varia  entre  1.220a  C  a  1.2802C  (medida  com  pirometro 
6iico,  de  filamento,  sem  correpao),  sendo  que  a  temperatura  mais 
exata  depende  do  tamanho  e  seccao  transversal  da  pepa. 

Nas  figuras  12A  e  12B,  apresenta-se  um  defeito  muito  co¬ 
mum  em  pepas  desse  tipo  de  ferro  fundido,  proveniente  de  uma  con 
trapao  desigual,  produzida  por  uma  variapao  de  temperatura  e  de 
alimentapao  do  metal  i.c  molde,  que  d&  ocasiao  a  formapao  de  cris 
tais  colunares  oriundos  de  uma  rapid  a  solidil'icapao  do  metal  lfcjui- 
do.  Este  defeito  6  mais  frequente  em  pepas  mais  finas,  que  sao 
vazadas  de  temperatura  relativamente  alta  em  moldes  que  apresen 
tarn  efeito  coquilhante  (ou  que  dao  resfriamento  brusco),  e  tamb6m 
quando  se  usa  moldes  a  verde.  Aparecem  como  uma  fratura, 
atravds  de  um  piano,  e  associado  com  a  junpao  de  duas  ou  mais 
rentes  de  cristais  colunares.  O  piano  referido,  pode  incluir  ainda 
uma  cavidade  de  contrapao  do  tipo  interdendrftica,  devido  ao  rdpi- 
do  crescimento  dos  cristais,  no  ponto  de  solidificapao,  que  evita  c 
enchimento  completo  e  uniforme  do  molde.  Deve-se  corrigir  ime- 
diatamente  a  temperatura  de  vazamento  ou  a  veloeidade  de  vazamen 
to  no  molde.  Reduz-se  a  possibilidade  de  coquilhamento  do  molde, 
por  meio  de  seu  revestimento  adequado  (tintas,  etc. ).  Deve-se  ain¬ 
da,  empregar  areia  eotufada  e  uma  verificapao  e  melhoria  do  proje 
to  e  modelos,  no  sentido  de  melhorar  as  condipoes  de  alimentapao. 
Em  dllima  providencia,  examina-se  a  liga  quanto  a  impureza 
que  possam  estar  influindo  para  tal  defeito. 


3.4.3.  Importarxia  do  conteddo  de  gases 

Ira  dos  piores  problemas,  para  a  producao  de  pepas  ’’sadias", 
6  o  representado  pelo  conteddo  de  gases  dissolvidos.  Nas  ligas  de  fe 
rro  fur.diao  alto  silfcio,  como  em  outras  ligas  ferrosas  e  nao  fc me¬ 
sas,  a  solubiiidade  dos  gases  6  muito  maior  no  estado  de  fusao  do 
metal  do  que  no  seu  estodo  sdlido  e,  nas  temperaturas  de  solidify,  a- 
pao,csses  gases  sao  liberados.  Se  isso  ocorier  na  tem])eratura  dc 
solidificapao  do  metal,  no  molde,  o  gds  cstard  muito  mais  sujeito  a 
ser  retido  nesses  ferros  funeidos  ce  alto  silfcio,  visto  estes  secern 
diferentes  da  maior ia  das  outras  ligas  fundidas,  por  possuirem  uma 
variapao  de  solidificapao  muito  mais  estreita.  Lembre-se  quo  as 
curvas  Ifquidus- solidus  do  sistema  binlrio  Fc-Si  sao  quase  coinci- 
uentes  nas  porcentagcns  significativas  de  silfcio:  julga-sc  ser,  i>i_ 


XV-21 


vavelmente,  essa  estreita  variapao  de  solidificapao  o  fator  inibidor 
mate  importante  de  liberapao  dos  gases  dissolvidos,  durante  o  res 
friamento. 

Vdrias  experiencias  ja  realizadas  tem  demon*,  .rado  que  a 
porosidade,  devida  a  gases  nas  pepas,  6  produzida  por  urn  efeito 
combinado  de  mondxido  de  carbono  e  hidrogenio,  sendo  este  dltimo 
a  causa  primdria  do  mencionado  efeito.  O  volume  de  CO  despreen- 
dido  de  um  corpo  de  prova  retirado  de  uma  pepa  sdlida,  submetido 
a  uma  anditee  por  fusac  fracionada,  a  vdcuo,  foi  da  mesma  ordem 
que  o  volume  de  hidrogenio,  concluindo-se  que  ambos  coexistem 
em  descontinuidade  no  metal.  Ficou  demonstrado  que  pepas  "sadias” 
tem,  invariavelmente,  conteddos  de  hidrogenio  inferiores  a  2  ml/ 
lOOg,  enquanto  que,  aquelas  que  apresentam  porosidade  evidente, 
dao  valores  que  atingem,  em  muitos  casos,  entre  10  a  12  mJ/100  g. 


Absorpao  de  Hidrogenio 

Analisando-se  os  fatores  provaveis  que  influem  no  aumento  do  con 
teddo  de  hidrogenio  no  metal  deve-se  ressaltar  o  seguinte: 

A  sucata  de  apo,  limpa  e  seca,  uma  das  matdrias  primas  emprega 
das,  tem  um  conteddo  do  hidrogenio  de  cerca  de  1  ml/lOOg.  Os  ferros- 
ligas,  podem  ter  atd  9  ml/lOOg.  Mesmo  usando-se  matdrias  primas  lim- 
pas  e  secas,  tem  -se  um  excesso,  na  carga,  de  um  mdximo  de  3  ml/lOOg, 
aldm  do  mdximo  aceildvei  que  6  os  2  ml/lOOg,  jd  indicado.  Pode-se  ainda 
ter-se  absorpao  de  hidrogenio  da  umidade  remanescente  nos  revestimen- 
tos  dos  fomos  e  pane  las,  e  nos  moldes  impropriamente  secos.  Dal*  o  cui- 
dado  especial  a  ser  dado  as  matdrias  primas,  etc. ,  e  ao  retino  no  fomo  pa 
ra  assegurar  um  metal  livre,  o  mate  possfvel,  de  concentrapoes  deletdri- 
cas  de  g£s. 

As  figuras  lba  e  13b,  mostram  secpoes  iraturadas  de  pepas  onde 
se  veem  ae  oavidades  causadas  por  gases,  e  a  figura  13c,  uma  pepa  (car 
capa  de  bomba)  em  que  o  mesmo  defeito  se  apresentou  superficialmente, 
na  parte  superior  da  figura  (no  pescopo  da  pepa). 


Tdcnica  de  desgaseificapao 

O  meio  mate  efetivo  de  se  evilar  essa  influencia  ncciva  dos  gases, 
como  6  dbvio,  trata-se  de  executar  uma  desgaseificapao.  Essa  consiste 
em  aplicar,  no  maternal  lundido,  o  borbulhamento  de  gases  inertes  quanto 


quanto  so  metal,  como  o  cloro,  o  nitrogenio,  o  mondxido  de  carbono  e/ou 
a  miatura  de  nitrogenio- mondxido  de  carbono:  tomando-se  como  base  do 
comparapao  o  mesmo  metal  obtido  sem  desgaseificapao  e  o  material  fi.--.ii 
do  scb  v^cuo.  A  fundipao  sob  vdcut  produz  um  material  suficientemente 
desgaseificado,  mas  requer  nao  s6  a  respectiva  bomba  de  vlcuo  como  tarn 
bSm  forno  de  indupao  adequado,  inclusive  para  permitir  a  colocapao  de 
uma  campanula  prdpria  para  se  produzir  o  v£cuo  necessdrio.  Trata-se, 
pois,  de  operacao  dificultosa  e  de  apiicapac  prStica  pouco  efetiva.  No  IPT 
estamos  conatruindo  essa  companula  para  aplici-la  nos  estudos  cimpara- 
tivos  que  temos  em  mente. 

Em  cada  expericncia,  referente  a  desgaseificapao  por  um  determi 
nado  gis,  aplicou-se  tres  tipos  de  moldes,  ou  3ejam:  feito  com  refratd- 
rios;  moldes  de  areia  estufada;  moldes  feitos  com  areia  a  verde.  Cada 
borfculhamento  foi  executado  com  dois  tempos  d.iferentes,  ou  sejam:  com 
5  e  com  10  minutos,  tomando-se  como  base  um  volume  constante  de  gas 
borbulliado.  A  comparapao  entre  os  tres  moldes  diferentes  6  justificada 
pelo  fato  de  que  os  moldes  de  refratlrio  seriam  livres  de  gases,  desde  que 
sao  feitos  com  tijolos  refratdrios  e  rejuntados  com  massa  plSstica  inorga 
nica,  perfeitamente  secos  em  estufa  a  cerca  de  250 2  C.  Os  moldes  de 
areia,  estufados,  contdm  uma  quantidade  de  umidade  baixa,  quase  nula, 
e  os  gases  gerados  no  vazamento  serao  os  de  decomposipao  dos  aglome- 
raates  organicos  presentes  na  areia,  os  quais  geralmente  exercem  sua 
influe.icia  na  fundipao  normal  e  podem  ser  absorvidos  pelo  metal  lfquido. 
Os  moldes  feitos  com  areia  verde,  aldm  de  possuirem  os  mesmos  gases 
que  os  estufados,  tem  ainda  um  grdu  de  umidade  tal  que  pode  fomeoer 
uma  maior  quantidade  de  hidrogenio,  etc. ,  reproduzindo  portanto,  as 
piores  condipoes  para  vazamento  do  metal.  Evidentemente  a  comparapao 
i'eita  com  o  material  vazado  nas  mesmas  condipoes,  mas  que  nao  foi  des- 
gaseificado,  nos  mostra  a  influencia  dos  gases  do  metal,  e  a  fundipao  feita 
sob  vdcuo,  nos  dd  a  comparapao  com  um  metal  nas  melhores  condipoes  de 
desgaseificapao,  Estas  duas  filtimas  condipoes  representam  condipoes 
padroes  de  comparapao. 

A  tbcnica  de  produpao  e  borbulhamento  de  gases  foi  executada,  ser 
vindo-se  de:  Cloro  -  em  torpedo;  Nitrogenio  -  em  torpedo;  CO-obtido  em 
gerador  de  CO,  conforme  projeto  do  IPT.  CO+N2  -  gerador  de  gls,  tipo 
gasogenio. 

Os  mdtodos  de  medida  de  vasao  de  gds,  foram  feitos  por  meio  de 
manometros,  adap-ados  diretamenle  na  tubulapao  de  saida  dos  torpedos 
ou  dos  geradores  ue  g£s,  a  fim  de  se  ter  uma  quantidade  constante  (volu¬ 
me)  de  g&s,  para  cada  gas,  borbulhanr-;  no  metal  Ifonido.  Essa  rasao 
correspondeu  a  1.416  litros  de  gas  Ao  a  ou  2\  fi  It/mir.uto. 
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A  medida  de  tomperatura  de  fusao  e  vazamento  de  liga,  foi  feita 
com  pirometro  Otico  e,  para  todos  os  casos,  foi  mantida  em:  Fusao  no  for 
no  antes  do  vazamento  =  1.3809C  -  Vazamento  no  molde  =  1.260s  C. 

A  compos  ip  ao  qufnica  de  liga,  feita  por  cdlculo  de  carga,  foi  con- 
trolada  por  andlise  qufmica. 

Para  a  sdrie  de  experiences,  foi  estabelecido  corpos  de  prova  com 
as  seguintes  dimensoes:  espessura  10, 30  e  50  mm;  largura  =  50mm;  altura 
=  140  mm;  assim  feitc  para  reproduzirem  as  variapoes  mais  usuais  das  pe 
pas,  mdximas,  madias  e  mini  mas,  hem  como  para  caberem  na  mdquina  de 
ensaio  de  dobramento,  existente  no  IPT  onde  eram  fraturados  posteriormen 
te,  sendo  as  superficies  de  fratura  examinadas  quanto  a  gases.  Essas  su¬ 
perficies  fraturadas  foram  retificadas  e  po  Lidas ,  como  para  macrografia, 
para  observapao  e  divulgapao. 

Devido  a  impossibilidade  momentanea  de  se  medir  o  teor  da  gases 
retidos,  por  and  Lise  gasomdtrica  no  metal,  usamos  controlar  a  desgaseifi 
capao  por  c'mparapao,  entre  corpos  de  prova,  de  sua  superflcie.  Entre- 
tanto,  anteriormente  jd  havlamos  dosado  gases  em  ferros  fundidos  alto  si 
llcio,  no  estado  bruto  de  fusao  e  obtidos  no  IPT,  que  revelaram  em  mddio 
de  4, 9  a  6,€  ml/1  OOg  H2.  Isto  nos  deu  a  indicapao  de  que  ;rt!amos  de  ma 
teriais  jd  com  relativo  baixo  fiidice  de  gaseificapao,  por  ,  acima  dos  2 
ml/lOOg  aceitdvel.  As  experiencias  executadas  revelara  que  para  melho 
res  conclusoes  deveremos  gaseificar  propositadamente  o  material  para 
podermos  ter  uma  observapao  melnor  desde  que  nao  podemos  realizar  a 
andlise  qulmica.  Outro  ponto  reve;ado  pela  experiencia  6  que  o  cloro  nao 
age  como  desgaseificante  eficaz. 

Dos  outros  gases,  o  N2,  o  CO  e  a  mistura  CO  +  N2,  mostraram- 
se  equivalentes  em  capacidade  de  desgaseificapao,  sendo  que  o  dltimo, 
parece  ser  mais  economico,  devido  a  sua  fdcii  obtenpao  por  meio  de  um 
gds  genio  comum.  Outra  conciusao  6  que  os  tempos  de  borbulhamento,  de 
5  e  10  minutos,  sao  equivalentes  em  eficiencia,  podendo-se,  portanto, 
adotar  5  minutos  como  mdis  economico.  A  vasao  de  gds  pode  ser  aumen- 
tada,  produzindjse  um  borbulhamento  mais  intenso,  por 6m,  a  prescrita 
jd  dd  resultados  satisfatorios,  al6m  de  garantir  uma  seguranpa  de  opera 
pao,  sem  o  perigo  de  projepoes  de  metal  lfquido  para  fora  do  forno. 

Outro  ponto  6  que  a  proporpao  que  a  espessura  diminue  a  desga- 
seificapao  6  mais  eficiente  a  ponto  de  com  10  mm,  era  todos  os  casos, 
ter-se  conseguido  um  material  aparente  isento  de  gds. 

A  figura  14,  apresenta  um  corte  de  corpo  de  prova,  mostrando: 
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1)  um  material  sem  desgaseificapao 

2)  um  material  sujeito  a  borbulhamenro  com  cloro. 

3)  um  material  desgaseificado  com  nitrogenio. 

4)  um  material  desgaseificado  com  mondxido  de  carbono. 

5)  um  material  desgaseificado  com  CO  +  N2. 


3.5.  Tratamento  tdrmico 


3.5.1.  Introducao 

As  trincas,  sob  tensao  em  servipo,  sejam  expontaneas  ou 
prematuras,  tambdm  nao  representam  um  fenomeno  desconhecido, 
veja-se  por  exemplo,  as  trincas  expontaneas  que  ocorrem  nos  lin- 
gotes  de  apo,  oonhecidas  como  "tinido"  (clinking)  e  fenomenos 
iguais,  que  sao  atrubufdos  a  tensoes  intemas  produzidas  durante  o 
resfriamento  a  temperatura  ambiente.  A  resistencia  a  fratura,  dos 
ferros  fundidos  alto  silfcio  6  substancialmente  mais  baixa  que  nos 
apos  e,  por  comparapao,  seu  valor  de  dutilidade  a  temperaturas 
normais,  medido  em  termos  de  alongamento  e  reducao  de  area,  6 
praticamente  nulo.  De  outro  lado,  sua  contrapao  6  elevada  e  da 
ordem  da  dos  apos,  podendo-se  logo  concluir  da  amplitude  das  ten 
soes  que  podem  ser  produzidas  nas  pepas  quando  do  resfriamento. 
Antecipa-se,  pois  que  nos  ferros  fundidos  alto  silfcio,  as  manifes 
tapoes  de  tensoes  sao  mais  frequentes  e  flea  certo  que  se  as  pepas 
desses  ferros  fundidos,  estiverem  livres  de  tensoes  internas,  ou 
se  a  magnitude  dessas  forem  de  ordem  tal  que  fiquem  entre  limi- 
tes  razolveis,  dentro  da  capacidade  de  resistencia  da  liga,  mesmo 
em  condipoes  de  operapao,  e  entao  as  trincas,  sejam  expontaneas 
ou  prematuras,  nao  deveriam  ocorrer.  Com  esta  finalidade  6  que 
se  processa  a  desmoldagem  a  quente,  das  pepas,  e  o  subsequente 
tratamento  tdrmieo,  que  assegura  a  ausencia  de  tensoes  residuais. 


3  5.2.  Recosimento 

Do  estudo  ieito  sobre  o  diagrams  de  equilibrio  binSrio  das 
ligas  de  Fe-Si,  fica  aparente  que,  para  os  ferros  fundidos  resis- 
tentes  a  corrosao  pelos  Scidos,  na  regiao  de  15%  de  silfcio,  nao  se 
processa  nenhuma  mudanpa  de  fase  na  liga  sdlida.  Enquanto  nao  f? 
quern  plenamenie  esclarecidos  os  estudos  sobie  o  sistema  ternlrio 


Fe-C-Si,  todo  o  trabalho  feito,  at!  entao,  mostra  que  nas  ligas  ho 
mogeneas,  a  dnica  fase  de  silfcio  6  a  fase  oc  (alfa). 

Considerando-se  sob  este  aspecto  a  f inalidade  do  recosi- 
mento  flea  sendo  um  tanto  obscura,  a  nao  ser  como  um  simples 
tratamento  de  alfvio  de  tensoes .  Vlrias  experiences  relatadas  na 
literatura,  como  o  fitc  de  examinar  as  propriedades  mecanicas  de 
deflexao,  dos  ferros  alto  silfcio,  nas  temperaturas  de  recosimento, 
mostram  que  a  deflexao  inicia-se  a  650-7508  C  e  6  progressivamen 
te  maior  com  temperatura  mais  elevadas;  elevandose  rapidamente 
neste  infeio  e  diminuindo  depois  de  um  certo  tempo,  apresentando 
uma  anomalia  a  700  Q  C,  onde  a  barra  dobra  em  direpao  oposto  a 
carga  aplicada.  Esse  resultado  foi  interpretado  como  evidence  de 
tensoes  internas  no  material  bruto  de  fusao.  A  deflexao  permanen 
te,  devida  a  tensao  aplicada,  nas  temperaturas  de  recosimento,  em 
vez  de  ser  uniforme,  em  quantidade,  na  direpao  da  forpa  aplicada, 
foi  acrescida  ou  dimeuida  de  uma  quantidade  adicional  devida  as 
tensoes  internas.  Sob  essas  circunstancias,  a  magnitude  dessa  ten 
sao  interna  foi  suficiente  para  apresener  a  deflexao  negativa.  Os 
mesmos  pesquisadores  mostram  que  as  temperaturas  mais  altas 
que  700  a  C,  os  ferros  fundidos  em  questac,  apresentam  um  alto 
grlu  de  plasticidade  e  resiliencia,  tornado  como  termo  de  compara 
pao  com  os  caracteristicos  prdprios  a  temperatura  ambiente  nor¬ 
mal.  As  temperaturas  mais  altas  que  800  ec,  revelam  um  amoleci 
mento  execesivo  que  possibilitam  uma  distorpao  das  pepas.  A  resi 
liencia  dos  ferros  alto-silfcio,  em  tais  temperaturas,  nos  dl  uma  in 
dicapao  para  seu  manuseio,  quando  se  o  desmolda  para  levl-los  aos 
fomos  de  tratamento  tlrmico. 

Os  ferros  alto  silfcio,  apresentam  pequenas  quantidades  du 
ma  fase  de  um  carboneto,  disperso  ao  acaso  atravds  de  toda  a  sec 
pao  transversal  das  pepas  (figura  18),  que  6  instive!  e  facilmente 
decomponfvel  pelo  tratamento  tSrmico.  A  presenpa  dessa  fase, 
has  pepas,  foi  reconhecida  como  fator  principal  de  possibilidade  de 
trine  as  em  servipo. 

A  adopao  dum  recosimento  6  imprescindfvel  para  a  elimina- 
pao  de  tensoes  internas,  bem  como  para  a  eliminapao  dos  carbone- 
tos  instlveis. 

Neste  tratamento,  as  pepas  sao  removidas  dos  moldes, 
quando  a  in  da  sdlidas,  porlm,  ao  rubro  (tem.=  600-7002  C)  e  antes 
que  as  tensoes  de  contrapao  tenham  tempo  de  se  manifestar  cora- 
pletamente.  Falhas  ou  erros  nesta  regra,  dao  geralmente  pepas 
trincadas.  E  importante  remover-se  os  mapalotes  e  afrouxar  ou 
remover  os  machos,  eliminando  ao  mlximo  a  areia,  antes  que  a 
temperatura  atinja  8002  c.  Imediatamente  as  pepas  sao  colocadas 
em  um  forao  elltrico  (ou  a  61eo)  mantendo-se-as  a  temperatura  de 
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8002  C,  por  4  a  5  horas,  seguido  de  um  resfriamento  lento  no  forno 
at6  a  temperatura  ambiente,  num  perfodo  de  30  horas  o  que  d4  apro 
ximadamenie  uma  queda  de  20-302  C/hora.  O  ciclo  de  tratamento 
t6rmico  6  crftico,  como  jl  referido,  para  as  propriedades  ffsicas 
e  mecanicas  do  material.  Experimentalmente  j4  temos  aplicado  ve 
locidades  de  resfriamento  maiores  que  vao  at6  4C  o  CAora,  com  re 
sultados  satisfatdrios.  Em  segundo  piano,  parece  existir  uma  con- 
trapao  dupla  em  torno  das  temperaturas  de  200-400  2  c  (mais  exata 
mente  2802  C),  onde  o  material  apresentaria  2  picos  de  contrapao 
diferencial,  o  que  obrigaria  a  um  resfriamento  bem  lento  nessa 
faixa  de  teme  eraturas .  Sao  duas  experiencias  que  se  pretende  rea 
lizar:  a)  Ver  ficar  qual  a  queda  crftica  de  temperatura  de  resf:  a- 
mento;  b)  Verificar  onde  se  localize  1.  picos  de  dupla  cont.a- 
pao. 

De  outro  lado,  o  tratamento  tdrmico  dita  a  manutenpao  por 
4-5  horas  no  forno  e  a  literatura  experimental  6  omissa  onde  deve 
ria  esclarecer,  se  o  tratamento  tfirmico  pode  ser  feito  em  1  ou 
mais  horas,  em  funpao  da  espessura  da  pepa  tratada.  Temos  feito 
tratamentos  de  1  e  2  horas,  com  resultados  perfeitamente  satisfa- 
tdrios,  empepas  de  secpoes  as  mais  variadas.  Daf,  necessitarmos 
estudar  mais  em  detalhes  esses  tempos  que,  obviamente,  afeta  di- 
retamente  a  economia  do  processo  de  tratamento. 


3.6.  Limpeza  -  Rebarbapao  -  Usinagem 

As  pepas  em  ferro  fundido  alto  silicio,  se  apresentam  geralmente  razoa- 
velmente  limpas  de  areia  e,  em  alguns  casos  6  necessdrio  submete-las  a  limpe¬ 
za  por  jato  de  areia  ou  abrasivos  metilicos,  inclusive  para  melhoria  de  acabamen 
to  superficial.  A  rebarbapao  se  processa  normalmente,  com  os  esmeris  adequa- 
dos,  nao  representando  maiores  dificuldades.  Devido  a  sua  alta  dureza  6  pritica 
geral  executar  algumas  operacoes  de  usinagem  por  meio  de  retlfica,  com  mdoui- 
nas  e  ferramentas  adequadas,  como  por  exemplo.  carbureto.  As  operapoes  de  tor 
neamento,  acabamentos  de  furos  e  faceamento,  podem  ser  feitas  rapidam?.nte.  por 
qualquer  mdtodo,  com  o  devido  equipamento,  devendo-se  porisso,  prever  as  fura- 
poes,  etc. ,  por  meio  de  machos,  na  fundipao  (4). 


3.7.  Solda 

Os  ferros  fundidos  alto  silfcio  tem  bca  capacidade  de  solda  o  que  repre- 
senta  uma  vantag  -m  para  se  poder  adapta-lo  as  exigencias  dos  projetos  e  de  mon 
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tagem  das  pepas. 

Deve-se  dar  prefereacia  a  solda  oxi-acetilenica  obedecendo  a  seguinte  tee 
nica  de  operapao: 


Preaqueclmento:  Aquecer  a  pepa  a  7002  C,  antes  de  infcio  da  solda.  Essa 
temperatura  deve  ser  mantida  em  tomo  da  solda  ate  ser  completada. 

Fliixo:  Consiste  numa  mistura,  em  partes  iguais,  de  Ferro-silfcio,  ferro- 
manganes  e  borax. 

Chama:  Levemente  oxidante:  Evitar  chama  neutra  ou  redutora,  a  fim  de 
nao  introduzir  hidrogenio  no  metal  fundido. 

Eleirodos:  De  ferro  fundido  alto  silfcio,  produzidos  na  fundipao,  obtidos 
em  molde  de  areia. 

Recosimento;  Depois  de  completada  a  solda,  a  pepa  deve,  obrigatoriamen 
te,  ser  mantida  em  forno  de  recosimento,  a  700-8002  C,  por  uma  hora  e 
esfriada  lentamente,  no  fomo,  ate  a  temperatura  ambiente,  a  fim  de  evi- 
tar  trincas  devidas  a  tensoes  residuais. 


3.8.  AnAlise  qufmica 

Devido  a  alta  importancia  que  tern  o  teor  de  silfcio,  para  a  resistencia  a 
corrosao  Icida,  a  sua  determinapao  deve  ser  cuidadosamente  procedida.  O  mdto 
do  seguinte,  tern  sido  empregado  com  sucesso  e  adotado  pelo  nosso  laboratdrio: 

Pesar  0, 9344  g  de  amostra  e  transferir  para  um  be  que  r  de  150  ml. 
Adicionar  cerca  de  1  g  de  cloreto  de  amonio  e  10  a  15  ml  de  reagente  bro- 
mo-dcido  bromfdrico  (1:10);  manter  o  bequer  por  30  minutos  no  banho 
maria  e  mante-lo  af  ate  completa  evaporapao.  Depois  de  seco  por  mais  1 
hora,  adicionar  15  a  20  ml  de  Icido  clorfdrico,  agitar  o  conjunto,  deixan 
do  a  silica  decantar  e  filtrar  entao  em  papel  Whatman  40  de  12,5  cm  de  0. 
Reserva  o  filtrado.  Lavar  o  papel  e  a  silica,  com  fi.cido  clorfdrico  quente 
(sol  40%)  e  depois  com  dgua  quente,  ate  livre  de  ferro. 

O  precipitado  e  o  papel  sao  transferidos  para  um  ^adinho  de  platina,  calci 
nados  e  a  pureza  da  silica  residual  6  determinada  por  meio  de  flcido  fluorfdrico 
em  presenpa  de  leido  sulfdrico.  O  filtrado  que  foi  reservado  6  evaporado  a  secu- 
ra  em  banho  maria  e  o  resfduo  4  misturado  com  20  ml  de  &gua  distilada  e  o  bromo 
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eliminado  por  meio  de  excesso  de  Acido  nftrico.  Depois  de  eliminado  todo  o  bro- 
rao,  adicionar  25  ml  de  Acido  percldrico  (a  60%),  cobrir  o  bequer  com  vidrio  de 
relAgio  e  aquecer  a  fumos  brancos,  mantendo  por  30  minutos.  Resfriar,  diluir 
com  150  ml  de  Agua  fria,  filtrar,  recuperando  toda  a  silica  residual,  tratando-a 
da  mesma  maneira  que  o  precipitado.  Qualquer  silica  residual  deve  ser  aciciona 
da  a  primeira  silica  precipitada. 


3. 9.  Microestrutura  doe  ferros  fundldos  alto  silfcio 

A  micro-estrutura  dos  ferros  fundidos  alto  silfcio,  como  se  preve  pelo 
diagrams  binArio  Fe-Si,  deve  apresentar  uma  dnica  fase  constitufda  de  uma  so 
lupao  sAlida  de  silfcio  na  ferrita,  ou  seja  uma  fase  alfa  ou  silico-ferrita,  confor 
me  a  figura  Na  15  (5)..  O  carbono  na  liga  apresenta-se  na  forma  de  grafita  que, 
jA  referido,  pode  ser  em  flocos,  de  tamanhos  variados,  ou  finamente  dividida, 
de  tipo  reticular,  normalmente  class  if  icada  como  grafita  de  superesfriamento, 
ou  ainda,  na  forma  acicular  ou  em  bastonetes,  conforme  ilustrados  respectiva- 
mente  nas  figuras  15,  16  e  17.  No  caso  de  ligas  de  carbono  relativamente  mais 
alto  (que  o  normal),  durante  a  solidificapao,  a  grafita  em  excessos  sobre  nada  a 
superffcie  do  metal  lfquido  na  forma  de  "Kish”,  aliAs  como  apontado  na  figura  6 
(diagrams  de  equilibrio).  Com  teores  menores,  tal  separapao  nao  se  dA. 

Os  ferros  fundidos  em  questao,  podem  apresentar  uma  segunda  fase  cujo 
exemplo  tfpico  A  apresentado  na  figura  18,  e  tern  a  aparencia  de  cementita,  dis- 
tribuindo-se  ao  acaso,  no  sentido  da  espessura  da  pepa.  Essa  fase,  como  mencio 
nado  no  ftem  de  tratamento  tArmico,  desaparece  por  um  recosimento  a  8002  c, 
durante  1-2  horas.  Um  aquecimento  rApido,  atravAs  da  faixa  de  variapao  de  soli¬ 
dificapao,  parece  contribuir  para  o  aumento  dessa  fase-carboneto. 

A  figura  19,  ilustra  um  ferro  fimdido  com  17%  de  silfcio,  apresentando 
uma  estrutura  dupla,  onde  se  ve  a  segunda  fase  tipo-cementita. 

Os  ferros  fundidos  contendo  alto  teor  de  fAsforo,  mostram  ainda  uma  ter- 
ceira  fase-fosfato,  que,  como  jA  referido,  nao  A  decomposta  pelo  tratamento  lAr 
mico  e  A  ilustrada  na  figura  20. 

Devido  a  dificuldade  de  se  atacar,  metalograficamente  esse  carboncto,  pe 
lo  reagente  normal  empregado  para  o  ataaue  de  cementita,  ou  seja,  a  picrato  de 
sddio  a  quente,  a  literatura  (5)  refere-se  a  um  mAtodo  de  identificapao  destes, 
por  meio  de  anAlise  qufmica,  deste  que  um  recosimento  os  decompoes  em  grafita, 
a  qual  pode  ser  facilmente  avaiiada  pela  anAlise. 

Um  corpo  de  prova,  temperado  em  Agua,  foi  analisado  antes  e  depois  de 
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um  recosimento  a  8OO2C,  por  2  horas,  e  os  resultados  observados,  dando  uma 
prova  satisfatdria  de  que  a  fase  em  discussao  6  um  carboneto  e  que  o  produto  de 
sua  decomposipao  6  grafita.  Assim  teve-se: 

Ct  antes  da  tempera  em  dgua  0, 50% 

Cg  "  ”  »»  '»  M  0,12% 

Cg  depots  do  recosimento  0, 47% 

Como  jl  mencionado  e  resumido,  tem-se  as  seguintes  varilveis  que  in¬ 
flue  m  na  quantidade  e  distribuipao  da  fase  tipo  carboneto  ou  do  complexo  carbo 
neto-fosfeto: 

a)  Felocidade  de  resfriamento  do  estado  lfquido  -  Aumento  da 
quantidade. 

b)  Conteddo  de  carbono  -  Variapao  de  quantidade  com  variapao  do  conteduo 
de  carbono. 

c)  Manganes  -  Efeito  estabilizador  de  carboneto  -  Em  porcentagem 
maior  que  2%  produz  aumento  considerdvel  de  carbonetos.  O  tra 
tamento  tdrmico  decompoe  o  carboneto  remanescendo  fosfeto  es- 
tdvel. 

d)  Fdsforo  -  Estabilizador  de  carboneto  -  forma  mistura  eutdtica 
complexa  de  carboneto-fosfeto.  O  tratamento  tdrmico  decompoe 
os  carbonetos  remanescendo  os  fosfetos  indecomponfiveis. 

e)  Molibdenio  -  Estabiliza  os  carbonetos. 

f )  Nfquel  -  Diminue  a  estabilidade  dos  carbonetos. 

Devido  a  alta  resistencia  a  corrosao,  encontra-se  s6rias  dificuldades  em 
atacar  os  corpos  de  prova  desses  ferros  fundidos,  para  ensaio  metalogrdfico. 

Existem  vlrios  estados  a  respeito,  na  literatura,  mas,  sua  aplicapao  prdtica  no 
laboratdrio,  nem  sempre  surte  os  efeitos  desejados.  Estamos  estudando  esse 
problema,  mesmo  em  comparapao  com  ataque  eletrolftico,  e  a  divulgaremos  em 
um  proximo  trabalho  que  estamos  realizando. 
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4.  CONCLUSOES 


Pelo  apreaentado  neste  trabalho,  podemos  concluir: 


1.  O  conhecimonto  das  propriedades  ffsicas  e  mecanicas  dos  ferros  fundidos 
de  alto  silTcio,  da  sua  finalidade  de  aplicapao,  da  melhoria  da  tdcnica  de 
trabalho  e  pr&tica  de  fundipao,  jd  nos  permits  obter,  com  bom  rendimento, 
pepas  de  boa  qualidade,  para  aplicapao  industrial.  A  figura  21,  mostrando 
pepas  sas,  das  mais  vari&das  formas  e  envergaduras,  traduz  o  exito  de  nos 
sa  experiencia  no  campo  da  fundipao  destes  ferros  fundidos  especiais. 


2.  Na  fundipao  de  pepas  de  ferros  fundidos  de  alto  silfcio  6  aeons  elhdvel  ob- 

servar  as  seguintes  normas: 

a)  Controle  rlgido  e  sistemdtico  da  composipao  qufmica  da  liga. 

b)  Aplicaqao  da  tficnica  de  duas  fusoes,  antes  da  fundipao  definitiva  das 
pepas. 

c)  Estudo  cuidadoso  dos  projetos  e  modelos  das  pepas. 

d)  Moldagem  em  areia  apropriada;  aplicapao  de  canais  de  alimentapao 
e  de  mapalotes  bem  dimensionados  e  eonvenientemente  colocados. 

e)  Controle  rljgido  da  temperatura  de  vazamento. 

f )  Desgaseificapao  obrigatdria. 

g)  Desmoldagem  a  quente  e  esfriamento  lento,  em  forno,  segundo  ci- 
cio  apropriado  para  decomposipao  dos  carbonetos  e  para  imped ir  o 
aparecimento  de  tensoes  intemas. 
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Apao  de  dcido  clorldrico,  a  quente  e  a  frio,  de  varias  concentrapftes 
sobre  os  ferros  fundidos  de  alto  silfcio  (Teste  sob  agitapao,  por  8 


Diagrams  de  corrosao  dos  ferros  fundidos  de  alto  silfcio,  em  dcido 
clorldrico  a  7  0%,  no  ponto  de  ebulipao 
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Fig.  5  Diagrama  de  corrosao  dos  ferros  fundidos  de  alto  silfcio,  em  dcido 
fosfOrico,  imersos  no  xneio  por  perfodo  atd  100  horas 
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Fig.  6 


Diagram?,  de  equilfbrio,  dos  ferros  fundidos  de  alto  sillfcio,  comerciais, 
(liga  contendo  15, 0%de  Si;  0,65%  de  Mn) 


Defeito  de  mau  enchimento,  causado  por  baixa  fluidez  do  metal 


rinoa  a  quente,  causada  pela  retenpac  de  contra pao  axial  iivre 


Defeito  causado  pelo  dimensionamento  defeituoso  do  canal  de 
alimentapao 


Fig.  11  A)  Secpao  de  lingote  de  primeira  fus&o 
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Fig:.  11  B)  Secpao  de  lingote  de  segunda  fusao 
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Fig.  12 


A)  Exemplo  de  contrapao  interna,  produzida  por  variapao  de 

B)  temperatura  e  aiimentapao  de  molde 


Micro-estructura  de  solu9ao  solida  de  silfcio  na  ferrita,  ou  silico-ferrita 


Micrografia  ilustrando  o  tipo  de  grafita  reticular 


*rv 
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Fig.  17  Micrografia  mostrando  o  tipo  de  grafita  acicular  ou  em  bastonetes 


Fig. 18 


Micrografia  mostrando  a  fase  carboneto 
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Fig.  20  Micrografia  mostrando  a  aprt,tueia  da  fase  tosfeu. 
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